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ABSTRACT 
Concentrations of trace metals and PCBs in six species of fish, 
zooplankton, macrobenthos, sediment, and water were studied in Crab Orchard 
Lake, Williamson County, Illinois. Eleven sites were chosen throughout the 
lake, including one site (site 10) near an abandoned dumpsite of a former 
electrical transformer manufacturing facility. PCB levels in the selected 
components from site 10 were considerably higher than the other sites. 
Thirty-eight percent (17/45) of fish fillets from various species at this 
site exceeded the 2.00 mg/kg FDA guideline for PCBs. PCB concentrations in 
fish were variable, and little relationship existed between age or size and 
PCB concentrations in most species. Common carp and channel catfish had 
higher PCB levels than the other species examined. Trace metals were low in 
fish and other components analyzed and were comparable to literature values 
for the midwestern united States. Mercury was the only trace metal to 
exhibit a significant positive relationship with age or size of fish. 
Mercury was also the only trace metal to exhibit biomagnification. Omnivo­
rous species contained higher levels of the other trace metals. 
xi 
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Executive Summary 
Sediment, water, zooplankton, macrobenthos, and six species of fish were 
collected from Crab Orchard Lake in the fall of 1986, to determine levels of 
polychlorinated biphenyls (PCBs) and trace metal contamination. The stUdy 
objectives were to determine PCB and trace metal levels in these components 
of the Crab Orchard Lake ecosystem and to compare contaminant levels between 
sampling sites. These data can serve as a baseline for evaluating the 
efficacy of future cleanup efforts. 
Water, sediment, and zooplankton samples were collected and analyzed 
from each of 11 sites in Crab Orchard Lake. Six specimens from each of three 
age groups (young, intermediate, old) of largemouth bass, channel catfish, 
common carp, bluegill, white crappie, and gizzard shad were collected from 
the same 11 sites. Of these, three specimens from each age group for each 
species from three sites were analyzed for PCBs and trace metals. One of 
these sites was located in proximity to the major PCB point source. Both 
whole body and fillet samples were analyzed. The rest of the fish samples 
are being stored for possible future analysis. Macrobenthos samples were 
also collected and analyzed from the same three sites from which the fish 
samples were taken. 
Our results indicate that considerable amounts of PCBs are leaching from 
the point source (the Sangamo dumpsite in the area just east of Illinois 
Route 148) into the reservoir. At that site, every component of the 
reservoir ecosystem analyzed (with the exception of water) contained higher 
levels of PCBs than the other sites. Bioaccumulation and biomagnification 
were both evident. Thirty-eight percent (17/45) of the fish fillets, 
xiii 
excluding gizzard shad which is not consumed by humans, exceeded the 2.00 ppm 
action level set by the U.s. Food and Drug Administration (FDA) for PCBs, 
whereas less than 4 percent were found to be above that level at the two 
sites located west of Illinois Route 148. 
PCB concentrations in fish were variable. There was a slight relation­
ship between age or size and PCB concentrations in most species. Common carp 
and channel catfish had higher PCB levels than other species, probably 
because of their habitat preferences which associate them with contaminated 
sediments. All comparisons made of PCB concentrations based on lipid weights 
were similar to those comparisons made when PCB concentrations were based on 
wet weights. 
Trace metal levels in fish and other components of the ecosystem were 
relatively low. Sediment samples contained the highest levels of most trace 
metals. The sediments may be serving as an effective sink for trace metals 
in the Crab Orchard Lake ecosystem. Little variation in trace metal concen­
trations occurred between the sampling sites. 
Mercury was the only heavy metal consistently found to have a signifi­
cant positive relationship with age or size in the fish species. Mercury was 
also the only element to exhibit biomagnification through the food chain to 
the top carnivore, the largemouth bass. Omnivorous species of fish contained 
higher levels of the other trace metals. 
Future studies will be directed toward evaluating the seasonality of PCB 
contamination in fish. The results of the current and future studies, with _ 
respect to PCB contamination, can serve as part of the baseline for evaluat­
ing any cleanup efforts that will be conducted on contaminated terrestrial 
sites that contribute contaminants to Crab Orchard Lake. 
xiv 
C~P~Rl. ~crGOOU~ 
During 1984, it was disclosed to the public that high levels of 
polychlorinated biphenyls (PCBs) are present in the ecosystem associated with 
the Crab Orchard National Wildlife Refuge. Relatively high levels of PCBs 
have been found in fish taken from the 2,796-hectare Crab Orchard Lake (which 
is located on the refuge) since 1977 (Hite and King 1977). The lake supports 
heavy sport fishing pressure and plays an important role in tourism in 
southern Illinois. 
One major source of the PCBs is thought to be from what is known as the 
Sangamo dumpsite, the former location of a transformer manufacturing facili­
ty. Sediment samples taken in 1975 indicate elevated levels of PCBs in Crab 
Orchard Creek (Hite and King 1977), into which the City of Marion's 
wastewater treatment plant discharges. In addition to PCBs, the ecosystem 
has received the input of heavy metals and other hazardous materials for more 
than 40 years. The refuge was the site of the Illinois Ordnance Plant that 
manufactured munitions starting in 1942, which was two years after the 
filling of the reservoir. The plant used the water from the reservoir during 
manufacturing, as have other industries that filled the vacant plant after 
munitions manufacturing stopped. The lake has also received untreated and 
partially treated sewage effluent, as well as agricultural land runoff. 
Even with the high levels of pollutants in the environment, the exposure 
route between contaminants and organisms is apparently limited, presumably 
due to the contaminants being tightly bound to soil and sediments. The lake 
supports a relatively diverse fish community, which has a standing crop of 
about 300 kg/ha (Southern Illinois University-Carbondale Fisheries Research 
Laboratory, unpublished data). Growth rates of many of the sport species are 
comparable to other reservoirs at the same latitude. Approximately 80,000 
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Canada geese (Branta canadensis) overwinter on the refuge (Bell and Klimstra 
1970, Raveling 1970, Raveling et al. 1972). The refuge also supports a 
substantial white-tailed deer (Odocoileus virginianus) herd and various other 
types of wildlife (Moran 1953, Bennet 1957, Klimstra and Corder 1957, 
Klimstra and Ziccardi 1963, Roseberry et al. 1969, Hawkins and Klimstra 1970, 
Hawkins et al. 1971, Lancia et al. 1975). 
The U.S. Fish and Wildlife Service, in conjunction with the former 
owners of the Sangamo facility selected a consulting firm (O'Brien and Gere) 
to evaluate the extent of the PCB problem and plan ways by which the PCBs can 
be eliminated from the aquatic and terrestrial food webs. O'Brien and Gere's 
proposal, "Remedial Investigation/Feasibility Study, Crab Orchard National 
wildlife Refuge -- Scope of Work 1985," was reviewed and it was concluded 
that adequate precleanup data of biota in the reservoir would not be 
adequately collected under that scope of work to meet our research needs. 
For example, O'Brien and Gere (1988) took composite samples of at least five 
fish of the same species, thus precluding correlation of levels of PCBs with 
age. In addition, the number of samples, locations, and species were not 
adequate to conduct an ecologically meaningful before-and-after cleanup 
evaluation. Only three trace metals (lead, mercury and cadmium) were 
addressed in their work, although studies on terrestrial animals (Woolf et 
al. 1982, 1983) and in fish (Hite and King 1977, Ruelle 1983a, 1983b) indi­
cate that a number of other trace metals may also be elevated in the aquatic 
ecosystem. Thus, the present study was designed to augment and complement 
the aforementioned study. 
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CHAPTER 2. OBJECTIVES
 
The primary purpose of the study was to obtain baseline data in order to 
follow the temporal changes which occur in PCB levels within selected aquatic 
ecosystem components before, during, and after the cleanup operations at the 
Sangamo dumpsite. A secondary goal was to obtain data on trace metal levels 
over the same time frame. Fish served as the primary component for monitor­
ing purposes, althoug~ contaminant levels of benthos, and zooplankton were 
also monitored. By correlating levels of contaminants with variables such as 
species of fish (trophic status), age, and sample location over a number of 
years, it will be possible to address the short-and long-term outcomes of a 
cleanup program. Information of this nature about reservoir systems is 
virtually non-existent, and results of the study will provide a basis for 
evaluating the efficacy of such cleanup efforts. 
Specifically, the objectives of the study were: 
1) to determine total PCB and selected trace metal levels in several 
fish species, benthos, zooplankton, and sediments from Crab Orchard 
Lake; and, 
2) to compare PCB and selected trace metal levels by species, trophic 
status, age class, and sample location among several fish species, 
benthos, zooplankton and sediment. 
3 
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CHAPTER 3. MATERIALS AND METHODS
 
Study site Description 
Crab Orchard Lake is a 2,796 hectare reservoir located on the Crab 
Orchard National wildlife Refuge in Williamson County, Illinois (9S IE, NW33) 
(Figure 1). The purpose of the reservoir, completed in 1940, was to provide 
work, recreation, and a refuge for migratory waterfowl, as well as a water 
supply for local municipalities (Stall et al. 1954). The reservoir is 
approximately 14.5 km long extending eastward from the dam. The width of the 
reservoir varies from 2.4 km across near the dam to 0.8 km at the east end. 
The reservoir has a mean depth of 3.0 m and a maximum depth of 10.0 m (Hite 
and King 1977) • 
Based on the National Eutrophication Survey conducted by the United 
States Environmental Protection Agency (1975), Crab Orchard Lake is consid­
ered to be eutrophic. Water quality problems include nutrient enrichment and 
sedimentation. Over 20 point source discharges are located within the Crab 
Orchard Creek basin. The four major sources of nutrient enrichment are 
wastewater treatment facilities located on the Crab Orchard Refuge, John A. 
Logan College, the City of Carterville, and the City of Marion (Rite and King 
1977) . 
The wastewater treatment plant on the Crab Orchard National Wildlife 
Refuge at one time treated industrial and/or sanitary effluent from various 
industries including Diagraph Bradley, Midwest Brush, National Production, 
Olin Co., Supreme Plating, Trojan - U.S. Powder, and Marion Federal Prison 
(USEPA 1975). In 1975, analysis of sediments showed that cadmium concentra­
tions were higher in the eastern end of the lake especially in the bay 
receiving effluent from the Crab Orchard Refuge Wastewater Treatment Plant 
(Rite and King 1977) • 
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Figure 1. Sampling sites on Crab Orchard Lake, Fall 1986. 
6 
The city of Carterville and John A. Logan College sewage treatment 
plants both discharge into Pin Oak Creek which enters Crab Orchard Lake 2.4 
km downstream. Hite and King (1977) reported severely degraded conditions 
existed immediately downstream from the Carterville plant and persisted 1.3 
km from Crab Orchard Lake. The effects of the discharge from John A. Logan 
College were not apparent. 
Marion's sewage treatment plant discharges effluent into Crab Orchard 
Creek which enters Crab Orchard Lake at the east end. Sediment samples from 
the creek between Marion and Crab Orchard Lake had higher concentrations of 
copper, lead, mercury, and zinc than other streams in the basin. PCBs, DDT, 
and dieldrin were also elevated in the sediments in those areas of Crab 
Orchard Creek (Hite and King 1977). 
Sample Collection 
Fish. Largemouth bass (Micropterus salmoides) t bluegill (Lepomis 
macrochirus), white crappie (Pomoxis annularus), channel catfish (Ictalurus 
punctatus), common carp (Cyprinus carpio), and gizzard shad (Dorosoma 
cepedianum) were collected from Crab Orchard Lake between 24 September and 4 
November 1986. Fish were captured by e1ectrofishing, gill nets, and trap 
nets. Upon capture, fish were immediately placed on ice and transported to 
facilities at Southern Illinois University-Carbondale (SIUC) Fisheries 
Research Laboratory. Specimens were placed into polyethylene bags and frozen 
prior to analysis. Later, fishes were partially thawed so that otoliths and 
spines could be removed with stainless steel dissecting tools for aging of 
individual fish. After removal, each fish was individually wrapped in 
freezer paper and stored prior to analysis. Largemouth bass, white crappie, 
bluegill, and gizzard shad were aged by enumerating annular growth rings on 
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otoliths (Heidinger and Clodfelter 198?). Common carp and channel catfish 
were aged by enumerating annual growth rings on dorsal and pectoral spines, 
respectively (Sneed 1951). 
Water. Water samples were collected on November 25, 1986 using a 
non-metallic water sampler designed by Wildco Company. Three samples from 
each of 11 sites were taken at approximately 1.0 m depth. The samples were 
placed into glass jars that had been washed, rinsed with 10% HeL, and double 
rinsed with distilled/deionized water. The sampling device was rinsed with 
distilled/deionized water after sampling at each site was completed. The 
water samples were placed into coolers and transported back to the SlUe 
facilities and refrigerated at 40 C. The following day the samples were 
transported to the analytical laboratory of the Illinois Natural History 
Survey (INHS) which is directed by Dr. Sue Wood. A small sample was also 
taken from each site and tested for pH, alkalinity, and hardness at SIUC 
using a portable Hach kit. 
Sediment. Three core samples were taken December 4, 1986 at each of 
11 sites. A core sampler was used which consisted of a 3.05 m piece of 2.54 
cm PVC pipe with a wooden flange 10.16 em from the bottom. Thus, the samples 
consisted of a core 10.16 em deep and approximately 1.91 em in diameter. 
These samples were placed into Nalgene bottles that had been washed, acid 
rinsed, and double rinsed in distilled/deionized water. The sampling device 
was washed in lake water and rinsed with distilled/deionized water after 
taking cores or samples from each site. Sediment samples were frozen prior 
to analysis. 
Benthos. Benthic samples were collected using a petite ponar grab 
sampler. Four 7-gallon buckets were filled with sediment and transported to 
SlUe facilities. The sediment was passed through a series of u.s. standard 
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sieves 10, 18, and 34. Distilled water was used in the sieving process. 
Benthic organisms were removed live, placed in glass containers, then frozen 
prior to analysis. Identifiable benthos were categorized by major taxonomic 
groups and the relative abundance of each was determined. 
Zooplankton. Net zooplankton samples were collected at each of the 11 
sites on November 13 and 14, 1986. Samples were collected by trailing a 
half-meter net behind the boat. Zooplankton samples were placed into 
Nalgene bottles that had been washed, acid rinsed, and double rinsed with 
distilled/deionized water. The collection portion of the net was rinsed with 
distilled/deionized water after every sample. At SIUC, the samples were 
filtered, wrapped in freezer paper, and frozen prior to analysis. 
Zooplankton were categorized by major taxonomic groups and the relative 
abundance of each group was determined. 
Sample Preparation 
All samples were prepared for analysis at INHS, Champaign, Illinois, by 
Dr. Sue Wood and her staff. 
Fish. Samples were prepared for analyses as follows: 
1.	 weigh total fish and record weight; 
2.	 carefully remove (and discard) alimentary tract without contaminating
 
remaining sample;
 
3.	 reweigh fish and record weight; 
4.	 dissect off one full fillet; 
a.	 remove (but save) skin (catfish) or scales (all others); 
b.	 weigh fillet and record weight; 
c.	 homogenize fillet; 
d.	 take 8 x I-g aliquots of fillet and weigh to nearest 0.01 g; 
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(1)	 1 & 2: Trace Metals (TM) 
(2)	 3 & 4: Mercury (Hg) 
(3)	 5 & 6: PCBs 
(4)	 7 & 8: Lipids 
5.	 remove liver; 
6. weigh liver and record weight; 
7.	 take 4 x 1-g aliquots of homogenized liver and weigh to nearest 0.01 g; 
a. 1	 & 2: TM 
b.	 3 & 4: Hg 
8.	 add remaining liver, skin, or scales, and remaining fish to fillet 
homogenate; 
9.	 homogenize whole mix to uniformity; 
10.	 take 8 x 1-g aliquots and weigh and analyze as in 8 above; 
11.	 transfer at least 100 g homogenate to plastic bag and freeze for future 
reference. 
Water. Water samples were centrifuged and the supernatants were col­
lected. This sample was then acidified with research-grade HN03 to a final 
concentration of 3% and analyzed for trace metal content. In the spring of 
1987, I-gallon water samples were collected at approximately 1.0 m depth from 
sites 1, 7, and 10. These samples were filtered through a double layer of 
acid washed Whatman #42 filter paper and analyzed for PCB content. 
Sediment. Sediment samples were freeze-dried and ground to pass through 
a 100 micron mesh nylon fabric sieve. 
Benthos and zooplankton. Benthos and zooplankton samples were digested 
as described below in the section on animal tissue with no further prepara­
tion. 
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Trace Metal Analysis 
All samples were analyzed at INHS at Champaign, Illinois by Dr. Sue Wood 
and her staff. 
Animal Tissue. Two 1.0 g aliquots of the samples of the respective 
biota (fish or zooplankton) were placed into separate 150 ml round-bottom 
digestion flasks. Only a single 0.09 g dry sample of benthos from each site 
was digested due to the limited quantities of available benthos. Ten milli­
liters of concentrated nitric acid (HN0 ) and 3 ml of perchloric acid (HCl04 ,3
redistilled to 100%) were added to each flask. The flasks were heated on a 
Kontes Kjeldahl Rotary Digestion Apparatus (Kontes, Vineland, New Jersey) 
until the HN0 had volatilized and dense white HCI0 fumes appeared. An3 4 
additional 5 ml aliquot of HN0 was added to each flask and digestion contin­3 
ued until dense white HCI0 fumes reappeared. After cooling, the digested4 
samples were diluted to an appropriate volume (usually 50 ml) and analyzed 
for trace metal content. 
Water. A 20 ml sample of water was acidified with concentrated nitric 
acid (HN03 ) to a final concentration of 3%. The sample was then analyzed for 
trace metal content. 
Sediment. Four 0.05 g dry samples were weighed into separate 150 ml 
round-bottom digestion flasks. The samples were digested with HN0 and HCl03 4 
as described above for the animal tissues. After cooling, two of the digest­
ed samples were diluted to an appropriate volume (usually 50 ml). A moderate 
amount of undigested residue (assumed to be inorganic silicate minerals) was 
present in the samples at this stage and was permitted to settle out before 
the samples were analyzed. The remaining two digests were transferred 
quantitatively to the teflon liners of Parr acid digestion bombs. A rinse 
with a small volume of distilled water was used to facilitate transfer of the 
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undigested residue. Three milliliters of hydrofluoric acid were added. The 
liner was sealed in the bomb and heated in a 1400 C muffle furnace for 2 
hours. After cooling, the bomb contents were washed into 60 ml polyethylene 
bottles and diluted to an appropriate volume (usually 50 ml) • 
Atomic Emission Spectroscopy. The analyses for metals (except mercury) 
in water, sediment, and animal tissue were performed using the Jarrell-Ash 
Model 975 Plasma AtomComp (inductively coupled argon plasma) Spectrometer 
(Jarrell-Ash Division, Fisher Scientific Co., Waltham, Maine). The instru­
ment is interfaced to a Digital Equipment Corporation Model PDP-8 computer 
for data acquisition and reduction. The computer is programmed to print out 
the final concentrations of all analyzable elements in the sample. Extract 
and digest concentrations generally required correction for original sample 
weight and for dilution during and following the digestion or extraction 
process. 
Mercury Analysis 
Animal Tissue. Two 1.0 g samples were weighed into separate 125-ml 
Erlenmeyer flasks which were then placed into an ice bath. Twenty millili­
ters of sulfuric acid and 10 ml of nitric acid were added to each flask; the 
flask contents were mixed well with a glass stirring rod for several minutes. 
Twenty milliliters of 5% potassium permanganate (KMno ) solution were added4
(in 5-ml aliquots, to avoid foaming) to each flask. After thorough mixing 
of the flask contents, with a glass stirring rod for several minutes, the 
flasks were removed from the ice bath and allowed to stand at room tempera­
ture for 15 minutes. Ten milliliters of 5% potassium persulfate solution 
were added to each flask which were then placed in a 95 0 C water bath for 
approximately a two-hour period to complete digestion. To maintain an 
oxidizing environment, but prevent manganese dioxide formation, small amounts 
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of crystalline KMn0 were added to the flask contents throughout the diges­4 
tion period (whenever they cleared to colorlessness). Digestion was assumed 
to be complete when the pink-purple color of KMn0 remained constant for 304 
minutes. The samples were cooled, transferred quantitatively to 100-ml 
volumetric flasks, diluted with deionized water to volume, and analyzed using 
a Fisher Model HG-3 mercury analyzer. 
Water. Two 100-ml samples were placed in separate 250-ml Erlenmeyer 
flasks. Five milliliters of 0.5N H S04 were added to each flask and the2
contents of the flasks mixed with a magnetic stirrer. A 2.5-ml aliquot of 
concentrated nitric acid was added to each flask while the contents were 
continually mixed. Fifteen milliliters of 5% potassium permanganate (KMn0 )4
was added to each flask; the contents were mixed and allowed to stand at room 
temperature for 15 minutes. If the color disappeared, more KMn04 was added. 
Eight milliliters of 5% potassium persulfate were added to each flask, and 
the flasks were heated in a 950 C water bath for 2 hours. The flasks were 
cooled, and 6 ml of 12% hydroxylamine hydrochloride were added to each flask 
to reduce the excess KMn0 to a colorless state. Ten-milliliter aliquots4 
were analyzed by means of cold-vapor atomic absorption using a Fisher Model 
HG-3 mercury analyzer. 
Sediment. Twenty-five milliliters of aqua regia (HCl:HN0 1:1 by3 , 
volume) were added to a I g dry sample in a 250 ml wide-mouth Erlenmeyer 
flask. The sample was boiled vigorously for one minute on a hot plate. 
After the sample had cooled, 10 ml of 5% potassium permanganate solution and 
2 ml of 5% potassium persulfate solution were added to each flask which were 
then placed into a 950 C water bath for 30 minutes. During this digestion 
period, small quantities of crystalline KMno were added to the sample to4 
maintain an oxidizing environment. The sample was cooled and centrifuged for 
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10 minutes at 10,000 rpm. The supernatant was diluted to a known volume 
(usually 10 ml) and analyzed by means of cold-vapor atomic absorption spec­
troscopy using a Fisher Model HC-3 mercury analyzer. 
Cold Vapor Atomic Absorption Spectroscopy. Mercury concentrations in 
animal digests and sediment digests were determined by cold-vapor atomic 
absorption spectroscopy. A 10-ml aliquot of the digest or extract was 
transferred to the reaction vessel and a few drops of 12% hydroxylamine 
hydrochloride (NH 0H HC1) solution were added to reduce any remaining KMn02 4 
to a colorless state. About 2 ml of 5% stannous chloride solution was added 
oto reduce the mercury to its vapor form (Hg ), and the vapor was swept onto 
an activated silver wool plug where the mercury was trapped as an amalgam. 
Following a 2 minute collection period, the silver plug was heated to de­
amalgamate the mercury, and the vapor was swept through the absorption cell 
of a Fisher Model HG-3 mercury analyzer. A Varian Model 485 digital integra­
tor was used to measure peak areas which, when compared to the peak areas of 
mercury standards, corresponded to mercury concentrations. Water samples 
were treated similarly with the exception that the addition of NH 0H HCl was2
unnecessary. 
PCB Analysis 
All samples were analyzed at INHS at Champaign, Illinois, by Dr. Sue 
Wood and her staff. 
PCB Extraction from Animal Tissue. Approximately 1 9 of tissue was 
placed into an Erlenmeyer flask. Twenty-five ml of 50% KOH and 50 ml 99% 
(redistilled) ethanol were added and mixed for 1 hour and allowed to stand 
overnight. If the tissue was not fully dissolved in that period of time, 
another 5 ml KOH were added and warmed to dissolve the remaining residue. 
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The solution was then transferred to a 1000-ml separatory funnel and 50 
ml of deionized water and 50 ml methylene chloride were added. This solution 
was shaken and allowed to separate into phases. The water layer was drained 
off and discarded. Three-hundred milliliters of double-distilled water were 
then added to the methylene chloride layer and allowed to equilibrate without 
shaking for at least 30 minutes. The water layer was drained off and dis­
carded. Another 300 ml of double-distilled water were added, and the 
solution was shaken and left to stand in order to separate into layers. If 
the methylene chloride layer was not clear, water washes were continued until 
it was clear. When the methylene chloride layer was clear, 100 ml of 1% HCI 
was added. The mixture was shaken and allowed to separate. The HCI layer 
was then drained off and discarded. The methylene chloride extract was then 
washed with water. After washing, the methylene chloride extract was drained 
through a funnel containing Na S0 to remove residual water. Methylene2 4 
chloride was used to rinse the extract through the funnel. 
The extract was collected in an Erlenmeyer flask with a 24/40 ground 
glass top. The flask was fitted with a 3-ball Snyder column, and the extract 
was reduced to a small volume on a steam bath. The extract was then frac­
tionated on a 30-g Florisil column, eluted with 90 ml of hexane, 200 ml 10% 
ether in hexane, and 150 ml of either 10% acetone in hexane or 50% ether in 
hexane. Each elution was reduced under a Snyder column to a volume suitable 
for gas chromatography analysis. 
PCB Extraction from Sediment. A 25 g sample was weighed into a 250 ml 
Erlenmeyer flask. One-hundred milliliters of methylene chloride were added 
and mixed on a magnetic stirrer for one hour. After mixing, the flask was 
allowed to stand overnight to settle-out soil particles. After the soil 
particles had settled out of the extract, the extract was decanted into a 100 
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ml separatory funnel. Three-hundred to five-hundred millimeters of water 
were added to the funnel. The funnel was then shaken and allowed to separate 
into layers. The water layer was drained off the top and discarded. Another 
300-500 ml of water were added for a second wash. The funnel was again 
shaken and allowed to stand for layers to separate. The top water layer was 
drained off and discarded. The methylene chloride layer was drained through 
a funnel of Na S0 with a glass wool plug to take any remaining water out of2 4 
the extract. The extract was rinsed with methylene chloride. Cleanup was 
completed as described previously for animal tissues. 
PCB Extraction from Water. A 1000 ml water sample was measured into a 
2000-ml separatory funnel. One-hundred milliliters of hexane were added and 
the solution was shaken and allowed to separate into phases. The water layer 
was drained off and discarded. The hexane layer was drained through a funnel 
containing Na so to remove residual water. Hexane was used to rinse the2 4 
extract through the funnel. Cleanup was performed as described above for 
animal tissues. 
Lipid Analysis. Approximately 1 g of frozen tissue was spread evenly over 
the bottom of a 22 x 80 rom cellulose thimble. A small wad of glass wool was 
placed over the surface of the sample in the thimble to help evenly 
distribute the solvent. The thimble was placed in the glass thimble 
receptacle and pressed into the clamp on the condensor apparatus. 
Approximately 50 ml of solvent mixture, chloroform: methanol (2:1), were 
added to a dry extraction beaker that had been weighed to the nearest 0.000 
g. This beaker was then screwed into the/collar on the condensor apparatus. 
The heating element was raised to make contact with the base of the 
extraction beaker. Extraction proceeded for at last 4 hours, replenishing 
the solvent if/whenever the depth in the beaker fell below 0.64 cm. 
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After extraction the beaker was placed in a steam bath to evaporate the 
solvent. When all the organic solvent had evaporated, the beaker was placed 
in a 1000 C oven for 20-30 minutes to remove residual water. After the 
beaker had cooled it was weighed to the nearest 0.000 g. The original weight 
of the beaker was subtracted from this weight to determine the lipid weight 
of the tissue sample. The percent lipid of the tissue was calculated by 
dividing the lipid weight by the weight of the tissue sample and multiplying 
by 100. 
Quality Assurance Procedures 
On each day of operation a set of standards with known analyte concen­
trations was measured in order to set up a regression curve from which 
analyte concentrations in the test (unknown) samples were determined. The 
inductively coupled argon plasma spectrometer regression curves that were 
generated each day of operation were checked with external standards obtained 
from the USEPA. The external values and the reported values from one day of 
operation are listed in Table 1. The mercury analyzer regression curves are 
confirmed by running samples spiked with known concentrations. Samples 
analyzed on the gas chromatograph (for the detection of PCBs) are compared to 
reference standards from the USEPA on the same day under the same conditions. 
In addition to in-laboratory quality control measures, the INHS Analyti­
cal Chemistry Laboratory is evaluated semi-annually by the Quality Assurance 
Branch of USEPA Region V in the areas of trace metals and PCBs. The lab has 
always been rated satisfactory. 
Detection limits for PCBs and trace metals for all sample types aze 
provided in tables in which such data are reported (see Results) • 
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statistical Analysis 
Statistical analysis was conducted using the Statistical Analysis System 
(SAS Institute, Inc.) on the main frame computer facilities at SIUC. One-way 
analysis of variance using the General Linear Model procedure and Tukeys 
(HSD) test was employed to determine the variability of PCB and trace metal 
concentrations in fish, water, sediments, and zooplankton between the sam­
pling sites on Crab Orchard Lake. In the case of total mercury, analysis of 
covariance was used because total mercury concentrations in fish are fre­
quently related to the size of the fish and differences in the mean size of 
fish between sampling sites can thus bias results. Total mercury served as 
the dependent variable, length and/or weight as covariates, and site as the 
treatment. One-way analysis of variance was also used to determine the 
variability of PCB and trace metal concentrations in fish tissue between the 
six fish species. When one-way analysis of variance and one-way analysis of 
covariance were used, significance was determined at the alpha = 0.05 level. 
Simple linear regression was used to examine the relationships between 
contaminant concentrations in fish tissue and age, weight, and length of the 
fish. Simple linear regression was also used to examine the relationships 
between lipid content and age, weight, and length as well as the relationship 
between PCB concentrations and lipid content in fish samples. When dealing 
with values found to be below detection limits, the actual detection limit 
was used in statistical analysis. The mean concentrations of trace metals in 
the water and the sediment from each site were computed using the following 
guidelines. In cases where two of the three samples were below detection 
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Table 1. Quality assurance 
standards and reported values on 
July 17, 1987. 
External Reported 
Element standard value 
As 10.0 10.1 
Ba 10.0 9.97 
Cd 10.0 9.99 
Cr 10.0 10.1 
Cu 10.0 10.0 
Ni 10.0 10.0 
Pb 10.0 9.92 
Se 10.0 9.97 
Zn 10.0 10.1 
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limits, the mean values are listed as being below detection limits. Where 
one of the values was below detection limits the mean was calculated by 
averaging the other two samples. 
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CHAPTER 4. RESULTS
 
PCBs 
Water and Sediment. PCB concentrations found in water samples collected 
from all 11 sites in autumn of 1986, were relatively high (Table 2), and all 
were above the 0.000014 mg/l, 24 hour average criteria set by the USEPA 
(1980) for health and safety of aquatic life. However, these water samples 
were not filtered 1 this leaves the possibility that suspended material may 
have accounted for the apparent elevated PCB levels. Additional water 
samples collected from sites 1, 7, and 10 in the spring of 1987 were fil­
tered. Results were similar to the previous samples (Table 3), which indi­
cates the earlier results were accurate. There were no significant differ­
ences in mean PCB concentrations in water samples between any of the 11 sites 
(p >0.05). 
4PCB levels in sediment samples were 10 times greater than water concen­
trations (Table 4). Mean PCB concentrations in sediments from site 10 (near 
the Sangamo dumpsite) averaged 0.313 mg/kg dry weight and were significantly 
greater (p <0.05) than sediment concentrations determined from samples 
collected from the other ten sites. 
Biota. Of those components of the Crab Orchard Lake ecosystem analysed, 
fish contained the highest concentrations of PCBs (Tables 5 and 6). PCBs in 
whole body and fillet samples taken from fish collected from site 10 were 
significantly higher (p <0.05) than those collected from sites 1 and 7 for 
all species except channel catfish (Figures 2-7). Thirty-eight percent 
(17/45) of fillet samples from fish (all species except gizzard shad, which 
is not a human foodfish) collected from site 10 exceeded the 2.0 ppm action 
level set by the FDA for human consumption (Title 21, Code of Federal Regula­
tions 109.30). Common carp and channel catfish contained the highest levels, 
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Table 2. PCBa concentrations (mg/l) of three water samples collected 
from each of 11 sites on Crab Orchard Lake on November 25, 1986. 
standard 
Site Sample 1 Sample 2 Sample 3 Mean deviation 
1 0.000076 0.000074 0.000098 0.000083 0.000013 
2 0.000062 0.000087 0.000091 0.000080 0.000016 
3 0.000071 0.000089 0.000098 0.000086 0.000014 
4 0.000088 0.000118 0.000061 0.000089 0.000029 
5 0.000086 0.000084 0.000065 0.000078 0.000012 
6 0.000086 0.000087 0.000071 0.000081 0.000009 
7 0.000062 0.000072 0 .. 000069 0.000068 0.000005 
8 0.000088 0.000128 0.000106 0.000107 0.000020 
9 0.000071 0.000057 0.000077 0 .. 000068 0.000010 
10 0.000074 0.000047 0.000067 0.000063 0.000014 
11 0.000081 0.000071 0.000058 0.000070 0.000012 
a PCBs are reported as Aroclor 1254 
Detection limits ;:: 0.000001 mg/l. 
22 
Table 3. PCBa concentrations (mg/l) of three water samples collected 
from sites 1, 7, and 10 on Crab Orchard Lake, Spring 1987. 
Site Sample 1 Sample 2 Sample 3 Mean 
Standard 
deviation 
1 
7 
10 
0.000044 
0 .. 000136 
0 .. 000092 
0.000070 
0 .. 000107 
0 .. 000079 
0 .. 000062 
0 .. 000122 
0.000078 
0.000059 
0.000122 
0.000083 
0 .. 000013 
0.000015 
0 .. 00008 
a/ PCBs are reported as Aroclor 1254 
Detection limits = 0.000001 mg/l. 
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Table 4. PCBa concentrations (mg/kg dry weight) of three sediment 
samples collected from each of 11 sites on Crab Orchard Lake on 
December 4, 1986. 
Standard 
Site Sample 1 Sample 2 Sample 3 Mean deviation 
1 0.0453 0.0626 0.0527 0.0535 0.0087 
2 0.0395 0.0494 0.0416 0.0435 0.0052 
3 0.0234 0.0451 0.0541 0.0409 0.0158 
4 0.0333 0.0643 0.0517 0.0498 0.0156 
5 0.0394 0.0810 0.0266 0.0490 0.0284 
6 0.0294 0.0425 0.0538 0.0419 0.0122 
7 0.0255 0.0440 0.0427 0.0374 0.0103 
8 0.0323 0.0382 0.0360 0.0355 0.0030 
9 0.0533 0.0407 0.0626 0.05220 0.0110 
10 0.160 0.437 0.343 0.313 0.0141 
11 0.135 0.142 0.0592 0.112 0.0046 
a PCBs are reported as Aroclar 1254 
Detection limits = 0.0001 mg/kg. 
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Table 5. Mean PCB concentrations (mg/kg) in fillets of various 
fish species collected from three sites in Crab Orchard Lake, 
Fall 1986. 
Species/Age Groupa Site 
Percentage of specimens >FDA action level (2.00 mg/kg). 
1 7 10 
Largemouth bass 
Young 0.126 (O)b 0.142 (0) 1.81 (33) 
Intermediate 0.226 (0) 0.332 (0) 1.61 (33) 
Old 0.222 (0) 0.356 (0) 1.50 (33) 
Composite 0.191 (O) 0.271 (0) 1.64 (33) 
Channel catfish 
Young 
Intermediate 
0.201 
3.46 
(0) 
(66) 
0.339 
1.00 
(0) 
(0) 
0.903 
2.20 
(0) 
(50) c 
Old 0.798 (0) 1.47 (33) 5.37 (100) 
Composite 1.49 (22) 0.939 (11) 2.90 (50) 
Conunon carp 
Young 0.457 (0) 0.133 (0) 2 .. 69 (100) 
Intermediate 0.790 (0) 0.281 (0) 10.3 (100) 
Old 0.510 (0) 0.285 (O) 3 .. 76 (66) 
Composite 0.586 (0) 0.233 (0) 5.59 (89) 
Bluegill 
Young 0.269 (O) 0.155 (0) 1.65 (33) 
Intermediate 0.216 (0) 0.244 (O) 1.89 (33) 
Old 0.114 CO) 0.164 (0) 1.22 (0) 
Composite 0.200 (0) 0.181 (0) 1.58 (22) 
White crappie 
Young 0.148 (0) 0 .. 107 (0) 0.200 CO} 
Intermediate 0.157 (0) 0 .. 141 (0) 0.349 (0) 
Old 0.153 (O) 0 .. 172 (0) 0.243 (0) 
Composite 0.153 (0) 0 .. 140 (0) 0.264 (0) 
Gizzard shad 
Young 0.388 (0) 0.396 (0) 0.973 (0) 
Intermediate 0.323 (0) 0.738 (P) 3.28 (100) 
Old 0.218 (0) 0.334 (0) 0.486 (0) 
Composite 0.309 (0) 0.490 (O) 1.58 (33) 
a/ 
b/ n = 3 unless otherwise noted. 
c/ 
n = 2 
Detection limits = 0.001 mg/kg 
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Table 6. Mean whole body PCB concentrations (mg/kg) in 
various fish species collected from three sites in Crab 
Orchard Lake, Fall 1986. 
Species/Age Groupa Site 
1 7 10 
Largemouth bass 
Young 0.224 0.366 4.32 
Intermediate 0.456 0.991 6.98 
Old 0.632 1.19 4.31 
Composite 0.437 0.848 5.20 
Channel catfish 
Young 
Int.ermediate 
0.494 
5.26 
0.686 
1.65 
2.05b4.36 
Old 1.44 1.80 6.54 
Composite 2.40 1.38 4.31 
Common carp 
Young 0.899 0.216 6.60 
Intermediate 1.71 0.419 24.0 
Old 0.845 0.551 7.39 
composite 1.15 0.396 12.7 
Bluegill 
Young 0.403 0.226 5.26 
Intermediate 0.364 0.274 6.64 
Old 0.208 0.344 2.45 
Composite 0.325 0.281 4.78 
White crappie 
Young 0.195 0.181 0.755 
Intermediate 0.295 0.287 1.73 
Old 0.310 0.248 1.36 
Composite 0.267 0.239 1.28 
Gizzard shad 
Young 0.350 0.573 1.72 
Intermediate 0.532 1.57 9.07 
Old 0.253 0.598 1.37 
Composite 0.378 0.914 4.05 
~j n = 3 unless otherwise noted. 
n == 2 
Detection limits = 0.001 mg/kg. 
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Figure 2. Comparison of mean PCB concentrations in largemouth bass at 
sites 1, 7, and 10. 
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Figure 3. Comparison of mean PCB concentrations in channel catfish at 
sites 1, 7, and 10. 
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Figure 4. Comparison of mean PCB concentrations in common carp 
at sites 1, 7, and 10. 
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Figure 5. Comparison of mean PCB concentrations in bluegill sunfish at 
sites 1, 7, and 10. 
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Figure 6. Comparison of mean PCB concentrations in white crappie at sites 
1, 7, and 10. 
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and white crappie had the lowest levels of PCBs among the six fish species 
analyzed (Figures 8-10). Whole body samples from channel catfish contained 
significantly higher levels (p<0.05) of PCBs than all other species except 
common carp at site 1, and all other species except largemouth bass and 
gizzard shad at site 7. However, at site 10, whole body samples from common 
carp had higher levels of PCBs (composite value of 12.7 mg/kg) than other 
species, yet only significantly higher (p<0.05) than gizzard shad and white 
crappie. PCB concentrations in fillets showed a similar pattern. Channel 
catfish fillets (composite value of 1.49 mg/kg) had significantly higher PCB 
levels than largemouth bass (0.191 mg/kg), bluegill (0.200 mg/kg), and white 
crappie (0.153 mg/kg) at site 1; and common carp, largemouth bass, bluegill, 
and white crappie at site 7. At site 10, common carp had significantly 
higher (p <0.05) PCB levels in fillet samples (composite value of 5.59 mg/kg) 
than all other species except channel catfish (composite value of 2.90 
mg/kg). 
The effects of age and size on PCB concentrations in the six fish 
species is unclear. Whole body and fillet concentrations in largemouth bass 
from Crab Orchard Lake did not exhibit a significant relationship with age or 
weight. However, a site by site examination revealed that whole body PCB 
concentrations showed significant positive relationships (p <0.01) with age 
and weight at sites 1 and 7, but not at site 10 (Figure 11). PCB concentra­
tions in channel catfish fillets exhibited a significant positive relation­
ship (p <0.05) with age when the three sites were examined together. PCB 
concentrations in whole body and fillet samples exhibited significant posi­
tive relationships (p <0.05) with age and weight at sites 7 and 10, but not 
at site 1 (Figures 12-13). Significant positive relationships (p <0.05) 
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Figure 8. Mean concentrations of PCBs in selected components from site 1, 
Crab Orchard Lake, Fall 1986. 
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existed between weight and PCB concentrations in whole body and fillet 
samples from white crappie when the sites were examined together. However, 
analysis by site revealed only a significant positive relationship between 
white crappie whole body and weight at site 10. 
The relationships between PCB concentrations and fish age or size for 
common carp, bluegill, or gizzard shad were not significant when the sites 
were examined on a combined basis. Significant positive relationships (p 
<0.05) did occur between weight and common carp whole body and fillet samples 
from site 7. No other relationships were observed. The actual data from PCB 
analysis of fish samples are listed in Appendix A (Tables AI-A6). 
Zooplankton samples were comprised of between 85 and 95% copepods, with 
cladocerans making up the remainder of the samples. PCB concentrations in 
zooplankton samples ranged from 0.0223 mg/kg at site 2 to 0.3298 mg/kg at 
3
site 10 (Table 7). Concentrations of PCBs in zooplankton ranged from 10 to 
410 times greater than concentrations found in water samples (Tables 2 and 
3). PCB concentrations in zooplankton were significantly correlated (p 
<0.05) with PCB concentrations in sediment samples (Table 4), but there was 
no correlation between zooplankton and water samples among the 11 sites. 
The macrobenthic community of Crab Orchard Lake was very limited, thus 
samples were only taken from three sites (I, 7, and 10). The samples con­
sisted, by weight, of approximately 70% oligochaetes and 30% chironomids. 
PCB concentrations in macrobenthos from site 10 (1.069 mg/kg) were 13 times 
greater than concentrations in benthos collected from sites 1 and 7 (Table 
1). PCB concentrations in macrobenthos were similar to sediment concentra­
tions at site 1. However, PCB's in macrobenthos were elevated by three-fold 
over sediments at site 10. 
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Table 7. PCBa concentrations of 
zooplankton and macrobenthos 
samples collected from sites on 
Crab Orchard Lake, Fall 1986. 
PCBsa (mg/kg) 
Site Zooplankton Macrobenthos 
1 0.0364 0.0726 
2 0.0223 
3 0.0590 
4 0.0508 
5 0.0811 
6 0.0570 
7 0.0492 0.0816 
8 0.1052 
9 0.0802 
10 0.3298 1.069 
11 0.2163 
a	 PCBs are reported as Aroc1or 
1254. 
Detection limits = 0.0001 mg/kg. 
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Trace Metals 
Fish. Trace metals analysis revealed that most of the ten trace metals are 
not accumulating to any extent in fish tissue. Only Ba, Ca, Hg and Zn were 
consistently found in concentrations above detection limits in all six fish 
species. Nickel was found above detection limits in three species and Cr was 
above detection limits in two species (Tables 8-13). Most of the samples 
were below the detection limits for As, Cd, Pb, Se. Zinc was found in higher 
concentrations than any other trace metals in all six fish species. Data 
from trace metals analysis are listed in Appendix B (Tables BI-B7). 
Barium concentrations in whole body samples were higher than fillet or 
liver samples among species. The distribution of Cu in fish was not consis­
tent in all six fish species. Copper concentrations in livers of largemouth 
bass, channel catfish, and common carp were higher than whole body or fillet 
samples. However, Cu concentrations were similar in liver and whole body 
samples from bluegill and white crappie. Liver samples in suitable quantity 
for chemical analysis could not be obtained from gizzard shad. 
Fillet samples had lower zinc concentrations than either whole body or 
liver samples, which were similar in all species except common carp. The 
livers of common carp contained about tenfold greater concentrations of zinc 
than did fillets and threefold greater concentrations than whole body sam­
ples. 
Total mercury seemed to have accumulated about fivefold more in the 
fillets than in liver samples from largemouth bass and common carp. However, 
total mercury concentrations in the fillets and livers of channel catfish 
were similar. Liver samples were not available from bluegill, white crappie, 
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Table 8. Barium concentrations (mg/kg wet weight) in various 
fish species from Crab Orchard Lake, Fall 1986. 
Standard 
Species Tissue Range Mean error 
Largemouth bass Whole body <DL - 0.769a 0.464 0.035 
Fillet <DL - 1.70 0.160 0.062 
Liver <DL - 0.361 0.111 0.017 
Channel catfish Whole body <DL - 6.00 0.481 0.227 
Fillet <DL - 0.187 b b 
Liver <DL - 0.151 b b 
Common carp Whole body 0.673 - 4.61 1.78 0.181 
Fillet <DL - 0.459 0.127 0.018 
Liver <DL - 0.600 0.178 0.030 
Bluegill Whole body 0.608 - 3.24 1.84 0.126 
Fillet 0.053 - 0.344 0.140 0.014 
Liver <DL - 0.693 0.197 0.034 
Gizzard shad Whole body 1.45 - 35.5 3.74 1.27 
Fillet 0.240­ 0.742 0.443 0.027 
Liverc 
White crappie Whole body 0.335 - 1.82 0.760 0.071 
Fillet <DL - 0.149 0.058 0.008 
Liver <DL - 0.205 0.052 0.011 
al Detection Limit (D.L.) = 0.045 mg/kg. 
bl Concentrations generally below detection limits. 
cf No liver sample available. 
N = 27, except in channel catfish where N = 26. 
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Table 9. Copper concentrations (mg/kg wet weight) in various 
fish species from Crab Orchard Lake, Fall 1986. 
Standard 
Species Tissue Range Mean error 
Largemouth bass Whole body <DL - 2.31a 0.487 0.01 
Fillet <DL - 1.85 0.559 0.01 
Liver 0.482 - 5.97 2.56 0.26 
Channel catfish Whole body <DL - 0.980 b b 
Fillet <DL - 0.539 b b 
Liver 0.490 - 3.26 1.11 0.10 
Conunon carp Whole body <DL - 3.19 0.712 0.13 
Fillet <DL - 1.67 0.490 0.07 
Liver 2.00 -26.1 9.45 1.28 
Bluegill Whole body <DL - 6.21 1.81 0.26 
Fillet <DL - 1.16 0.472 0.05 
Liver <DL - 4.29 1.44 0.17 
Gizzard shad Whole body <DL - 3.92 1.71 0.23 
Fillet <DL - 2.04 0.763 0.10 
Liverc 
White crappie Whole body <DL - 3.40 1.30 0.15 
Fillet <DL - 2.70 0.457 0.12 
Liver 0.565 - 4.52 1.41 0.18 
a/ Detection Limit (D.L.) = 0.320 mg/kg.
 
h/ Concentrations generally below detection limits.
 
0/ No liver samples available.
 
N = 27, except in channel catfish where N = 26.
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Table 10. Total mercury concentrations (ug/kg wet weight) in 
various fish species from Crab Orchard Lake, Fall 1986. 
Standard 
Species Tissue Range Mean error 
Largemouth bass Whole body 13.9 -248 69.1 10.1 
Fillet 15.9 -348 99.1 14.6 
Liver <DL - 49.1a 18.5 2.2 
Channel catfish Whole body <DL -218 43.8 9.3 
Fillet <DL -317 66.9 15.3 
Liver <DL -587 65.7 23.3 
Common carp Whole body <DL - 70.4 26.7 3.6 
Fillet <DL -134 47.4 6.5 
Liver <DL - 13.8 5.4 0.6 
Bluegill Whole body 10.3 - 60.4 28.0 2.5 
F~11e6 13.5 - 71.0 32.1 2.9 
L~ver 
Gizzard shad Whole body <DL - 18.7 11.6 1.0 
F~lleE <DL - 41.2 15.7 1.5 
L~ver 
White crappie Whole body 13.0 - 58.2 25.3 2.3 
FilleELiver 16.7 - 98.1 34.5 3.8 
a/ Detection Limit (D.L.) = 5.0 ug/kg. 
b/ Liver samples not available. 
N = 27, except in channel catfish where N = 26. 
FDA standard for fish and shellfish equals 1000 ug/kg. 
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Table 11. Zinc concentations (mg/kg wet weight) in various 
fish species from Crab Orchard Lake, Fall 1986. 
Species Tissue Rangea Mean 
Standard 
error 
Largemouth bass Whole body 11.2 
Fillet 5.72 
Liver 11.8 
30.9 
- 17.2 
37.7 
17.7 
10.1 
22.4 
0.9 
0.7 
1.2 
Channel catfish Whole body 
Fillet 
Liver 
12.8 - 26.1 
4.36 - 40.7 
13.9 - 45.9 
17.1 
9.28 
20.4 
0.7 
1.4 
1.3 
Common carp Whole body 
Fillet 
Liver 
31.3 
14.4 
13.9 
- 115.0 
- 42.4 
- 966 
70.7 
23.6 
254 
4.2 
1.6 
34.5 
Bluegill Whole body 
Fillet 
Liver 
17.7 - 35.0 
9.20 - 21.1 
12.1 - 41.1 
25.2 
13.3 
22.3 
1.0 
0.6 
1.6 
Gizzard shad Whole body 
Fillefi 
Liver 
12.0 -
6.28­
31.8 
25.3 
19.2 
11.4 
1.0 
0.8 
White crappie Whole body 
Fillet 
Liver 
13.5 -
6.50­
8.96­
27.6 
22.7 
43.8 
20.2 
9.4 
17.7 
0.7 
0.6 
1.4 
al Detection Limit (D.L.) = 0.490 mg/kg. 
bl No liver samples available. 
N = 27, except in channel catfish were N = 26. 
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Table 12. Chromium concentrations (mg/kg wet weight) 
in various fish species from Crab Orchard Lake, Fall 1986. 
Standard 
Species Tissue Range Mean error 
Largemouth bass 
Whole body <DL - 2.67a b b 
Fillet <DL - 2.25 b b 
Liver <DL 
- 1.94 b b 
Channel catfish 
Whole body <DL - 1.54 b b 
Fillet <DL - 1.27 b b 
Liver <DL - 0.847 b b 
Common carp	 Whole body <DL - 1.38 b b 
Fillet <DL - 1.90 b b 
Liver <DL - 5.00 b b 
Bluegill 
Whole body <DL - 2.61 1.25 0.03 
Fillet <DL - 2.67 1.08 0.02 
Liver <DL -14.3 3.17 0.12 
Gizzard Shad 
Whole body <DL - 2.04 1.27 0.02 
Fillet <DL - 3.74 1.56 0.03 
Liverc 
White crappie 
Whole body <DL - 2.18 b b 
Fillet <DL - 2.16 b b 
Liver <DL - 4.74 b b 
al Detection limit (D.L.) = 0.045 mg/kg. 
h/ Concentrations generally below detection limits. 
cl No liver sample available. 
N = 27, except in channel catfish where N = 26. 
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Table 13. Nickel concentrations (mg/kg wet weight) in various 
fish species from Crab Orchard Lake, Fall 1986. 
Standard 
Species Tissue Range Mean error 
Largemouth bass Whole body <DL - 4.18a 1.24 0.21 
Fillet <DL - 4.60 1.70 0.26 
Liver <DL - 6.11 1.34 0.29 
Channel catfish Whole body <DL - 1.89 b 
Fillet <DL - 0.997 b 
b
b 
Liver <DL - 1.44 b b 
Common carp Whole body <DL - 1.36 0.47 0.07 
Fillet <DL - 1.29 0.42 0.06 
Liver <DL - 3.83 1.21 0.22 
Bluegill Whole body <DL - 3.20 0.66 0.14 
Fillet <DL - 1.62 0.60 0.08 
Liver <DL - 5.71 1.09 1.26 
Gizzard shad Whole body <DL - 1.81 
Fillet <DL - 3.81 
b
b 
b 
b 
Liverc 
White crappie Whole body <DL - 0.918 b b 
Fillet <DL - 1.64 b b 
Liver <DL - 2.00 bb 
a/ Detection Limit (D.L.) = 0.345 mg/kg. 
b/ Concentrations generally below detection limits. 
c/ No liver samples available. 
N = 27, except channel catfish where N = 26. 
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and gizzard shad for total mercury analysis. 
Nickel concentrations were higher in liver than in whole body and fillet 
samples from bluegill and common carp, but livers from largemouth bass did 
not accumulate higher nickel concentrations than whole body or fillet sam­
ples. Chromium also seemed to accumulate in the livers of bluegill compared 
to whole body or fillet samples. 
This study also examined the relationship between trace metal concentra­
tions in fish and the age, weight, and standard length of fish. Simple 
linear regression analysis revealed significant positive relationships (p < 
0.01) between total mercury concentrations in whole body samples and age in 
all fish species except for gizzard shad (Figure 14). In most cases there 
were also significant positive relationships (p <O.O~) between total mercury 
concentrations in all three tissue samples with age, weight, and length. 
However, total mercury concentrations in channel catfish were only signifi­
cantly related to age, and total mercury concentrations in carp liver were 
not significantly related to either age, weight or length. 
Barium concentrations in whole body samples from common carp exhibited a 
significant positive relationship (p <0.01) with age, weight, and length 
(Figure 15). Zinc concentrations showed a weaker, but significant positive 
relationship (p <0.05) with age and length in whole body samples from common 
carp (Figure 15). However, whole body zinc concentrations decreased signifi­
cantly (p <0.05) as a function of age, weight, and length in gizzard shad 
(Figure 15). 
Copper concentrations in the liver of channel catfish exhibited a 
significant negative relationship (p <0.05) with age, weight, and length 
(Figure 15). Chromium concentrations in bluegill liver showed a significant 
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8 
negative relationship (p<O.OI) with weight and length (Figure 15). A few 
other significant relationships were found, but they were not consistent 
between, age, weight, and length. 
Mercury was the only trace metal that may have biomagnificated in the 
six fish species. Largemouth bass, the top predator, had significantly 
higher whole body total mercury concentrations than any other species. The 
descending order of total mercury concentrations in fish is as follows: 
largemouth bass > channel catfish > bluegill > common carp > white crappie > 
gizzard shad (Figure 16). Largemouth bass also had significantly higher 
whole body concentrations of nickel than either carp or bluegill (Figure 17). 
Nickel concentrations in the other three species were mostly below detection 
limits (Figure l7). Gizzard shad had significantly greater whole body barium 
concentrations than white crappie, largemouth bass, and channel catfish 
(Figure 18). Whole body copper concentrations in bluegill and gizzard shad 
were significantly greater than carp and largemouth bass (Figure 19). Common 
carp had significantly greater whole body zinc concentrations than any other 
species (Figure 20). Gizzard shad and bluegill had higher whole body chromi­
um concentrations than ~id the other species, nearly all of which were below 
detection limits (Tables BI-B7) • 
Channel catfish livers had significantly greater levels of total mercury 
than the other species. Common carp livers had significantly greater levels 
of copper than any other species. 
Although there were some isolated instances of significant variability 
in trace metal concentrations in fish species between sites, there were no 
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cases of any trace metals in all fish species being significantly greater at 
one site than another. 
Other Components. The trace metal concentrations in water samples were below 
all EPA water quality standards (EPA 1977) for that given metal (Table 14). 
Most of the trace metals were below or very near the detection limits with 
the exception of mercury, barium, selenium, and zinc. The only apparent 
trend concerning the distribution of trace metals within the lake is that 
mercury concentrations in the water are higher in the west end of the lake 
near the dam (sites 1 and 2) . 
Using EPA guidelines for bulk harbor sediments (USEPA 1977b), several 
cadmium concentrations in Crab Orchard Lake sediments (Table 15) exceeded 
criteria for high level of contamination ( >6.0 mg/kg). Chromium, nickel, 
and zinc had values indicative of intermediate levels of contamination based 
on the above referenced EPA guidelines. Of the ten trace metals, values for 
As, Cu, Pb, and Se were below detections limits at all eleven sites. No 
significant differences occured in mean concentrations of Ba, Cd, Cu, Hg, and 
Zn between any of the 11 sites. The highest and lowest chromium 
concentrations found at sites 1 and 2, respectively, were significantly 
different. 
The zooplankton samples at each site were comprised of between 85 and 
95% percent copepods, with cladocerans making up the remainder of the sam­
ples. Concentrations of As, Cd, Cu, Pb, and Se in zooplankton samples were 
mostly below detection limits (Table 16). Ba, Cu, Hg, Ni, and Zn concentra­
tions in zooplankton were low and within the range of metal concentrations 
found in fish. Barium concentrations in zooplankton were significantly 
correlated with water concentrations of barium among the 11 sites. No 
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Table 14. Mean trace metal concentrat~on of three water samples collected from 
each of 11 s1tes on Crab Orchard Lake on November 25, 1986. 
Concentrat~on a(mg/l) 
S~te [AL} [AS} [B} (Ba} [Be} [Cal [Cd} [Co} [Cr} 
1 <DL <DL <DL 0.069 <DL 28.6 0 .. 002 0 .. 002 <DL 
2 <DL 0 .. 024 <DL 0.059 <DL 28 .. 4 0.002 <DL <DL 
3 <DL <DL <DL 0 .. 048 <DL 28 .. 7 0.002 <DL <DL 
4 <DL <DL <DL 0.049 <DL 28.1 0.002 0.002 <DL 
\Jl 
\C 5 <DL <DL <DL 0.045 <DL 28.5 <DL <DL <DL 
6 <DL <DL <DL 0.046 <DL 24 .. 6 <DL <DL <DL 
7 <DL <DL <DL 0 .. 049 0.001 29 .. 4 <DL <DL <DL 
8 <DL <DL <DL 0 .. 043 <DL 34.7 0.001 0.006 <DL 
9 <DL 0 .. 024 <DL 0.037 0 .. 001 35.2 <DL <DL <DL 
10 <DL 0.023 0.005 0.050 0.001 41.5 <DL <DL <DL 
11 <DL <DL 0.009 0.035 <DL 52.9 <DL <DL <DL 
DLb 0.041 0.019 0.002 0.000 0.000 0.003 0.001 0.002 0.004 
(cont~nued on next page) 
Table 14 (cont.). 
Concentration (mg/1)a 
s~te [CuI [Fe] [HgJ [K] [Mg] [MnJ [Mo] [Na] [N~] 
1 0.004 0.040 0.281 3.60 11.1 0.012 0.004 21.4 0.010 
2 <DL 0.049 0.228 3.82 11.0 0.020 0.004 21.1 <DL 
3 0.006 0.033 0.158 2.83 11.0 0.017 <DL 20.5 <DL 
4 0.005 0.035 0.173 3.07 10.9 0.016 <DL 21.3 <DL 
0'\ 
a 
5 <DL 0.039 0.107 2.71 11.1 0.021 0.004 21.4 <DL 
6 <DL 0.040 0.081 2.64 9.69 0.024 <DL 17.7 <DL 
7 0.004 0.086 0.076 3.03 11.3 0.039 <DL 23.5 <DL 
8 0.004 0.092 0.076 3.50 13.2 0.043 <DL 32.5 0.008 
9 <DL 0.028 0.091 3.41 13.2 0.009 0.003 32.1 <DL 
10 <DL 0.039 0.099 4.24 15.1 0.007 0.004 42.7 <DL 
11 <DL 0.052 0.080 4.53 18.9 0.009 0.005 61.7 0.010 
DLb 0.003 0.017 0.050 0.424 0.002 0.006 0.003 0.664 0.007 
(cont~nued on next page) 
Table 14 (cant.) . 
Concentrat~on a(mg/l) 
S~te [PI [Ph] [Sb] [Se] [S~] [Sn] [V] [Zn] 
1 <DL <DL 0.023 0.019 1.27 <DL <DL 0.025 
2 <DL <DL 0.016 0.023 0.827 <DL 0.009 0.021 
3 <DL 0.013 0.023 0.033 0.721 <DL <DL 0.016 
4 <DL <DL 0.019 0.032 1.13 <DL <DL 0.016 
0'\ 5 <DL <DL <DL 0.036 0.803 <DL <DL 0.014 
...... 
6 <DL <DL <DL 0.023 0.292 <DL <DL 0.014 
7 <DL <DL 0.022 0.024 0.127 <DL <DL 0.014 
8 0.081 0.016 0.018 0.025 0.450 <DL <DL 0.015 
9 0.073 <DL <DL 0.027 0.296 <DL <DL 0.011 
10 <DL <DL <DL 0.028 0.028 <DL 0.012 0.011 
11 <DL <DL <DL 0.028 1.54 0.030 0.007 0.009 
DLb 0.051 0.010 0.016 0.013 0.023 0.030 0.007 0.009 
a Exclud~ng Hg wh~ch ~s reported as ug/l. 
b Detectable l~m~ts. 
Table 15. Mean trace metal concentrat2ons of three sediment samples collected from 
each of 11 s2tes on December 4, 1986. 
Concentrat2on (mg/kg dry we2ght) a 
S2te [AL] [AS] [B] [Ba] [Be] [Cal [Cd] [Co] [Cr] 
1 17500 <DL 15.5 122 <DL 1637 2.83 <DL <DL 
2 18300 <DL 27.2 106 0.93 1763 4.00 <DL 38.5 
3 19767 <DL 11.5 107 1.27 1880 3.83 <DL 27.2 
4 18000 <DL 13.8 130 1 .. 27 1890 4.83 <DL 27 .. 7 
5 18967 <DL 17.2 144 1.22 2347 4.33 <DL <DL 
0'\ 
N 
6 24000 <DL 9.4 175 <DL 2360 5.67 <DL 34.2 
7 19800 <DL <DL 131 0.90 1967 6.33 <DL 24.3 
8 30700 <DL <DL 210 1.38 3160 6.83 <DL 28.3 
9 21467 <DL <DL 145 <DL 2273 7.17 <DL 29.7 
10 21567 <DL 20.8 155 <DL 2620 4.33 <DL 30.5 
11 20500 <DL <DL 166 1.08 2487 4.17 <DL 23.0 
bDL 41 23.6 2.2 0.800 0.600	 0.800 1.20 1.60 14.4 
(cont2nued on next page) 
Table 15 (cont.). 
Concentration (mg/kg dry weight) a 
SJ.te [Cu] [Fe] [Hg] [K] [Mg] [Mn] [Mo] [Na] [Nil 
1 <DL 18000 60.9 1900 2140 1817 <DL <DL 16.8 
2 <DL 17367 59.5 3535 2557 702 <DL <DL 28.3 
3 <DL 18200 64.6 2857 2720 664 <DL <DL 18.2 
4 <DL 17700 40.1 3693 2757 1005 <DL <DL 15.8 
5 <DL 16900 80.0 2647 2493 897 <DL <DL <DL 
'" w 6 <DL 21467 52.4 4497 3103 991 <DL <DL 22.7 
7 <DL 17467 43.9 3177 2603 852 <DL <DL 19.2 
8 <DL 25500 67.4 5200 3893 1657 <DL <DL 25.7 
9 <DL 18833 61.8 3440 2843 1084 <DL <DL 21.0 
10 <DL 16700 73.7 2323 2687 828 <DL <DL 18.5 
11 <DL 15133 80.5 4320 2400 648 <DL <DL 20.8 
DL
b 3.40 18.4 5.00 605 2.6 4.40 5.60 11.20 6.80 
(continued on next page) 
Table 15 (cant.). 
concentration (mg/kg dry we1ght)a 
S1te [P] [Pb] [Sb] [Se] [V] [Zn] 
1 313 <DL <DL <DL <DL 60.5 
2 336 <DL 25.3 <DL 67.3 71.0 
3 282 <DL <DL <DL 51.8 76.7 
4 363 <DL <DL <DL 69.2 62.5 
0'\ 5 503 <DL <DL <DL 131 134 
~ 
6 411 <DL <DL <DL 77 65.2 
7 315 <DL 15.0 <DL 87 81.5 
8 579 <DL <DL <DL 103 105 
9 415 <DL 21.5 <DL 65.2 101 
10 545 <DL <DL <DL 81 89 
11 697 <DL 31.8 <DL 88 110 
bDL 27.2 10.8 13.0 16.7 28.4 3.00 
a Exclud1ng Hg Wh1Ch 1S reported as ug/kg. 
b Detectable l1mits. 
tions in zooplankton were low and within the range of metal concentrations 
found in fish. Barium concentrations in zooplankton were significantly 
correlated with water concentrations of barium among the eleven sites. No 
other correlations were found between zooplankton and water concentrations 
for any of the other metals. There were also no correlations found between 
zooplankton and sediment levels for any of the trace metals. 
The macrobenthic community of Crab Orchard Lake was very limited, thus 
samples were only taken from three sites (sites 1,7,10). The samples 
consisted by weight of approximately 70% oligochaetes and 30% chironomids. 
Macrobenthos samples contained some of the highest concentrations of Ba, Cu, 
Ni, and Zn among the biota from Crab Orchard Lake (Table 17). However, 
levels were low compared to benthic invertebrates taken from polluted waters 
(Moore and Ramomoorthy 1984). Concentations of As, Cd, Cu, Pb, and Se were 
below detection limits in samples of macrobenthos (Table 17). 
Lipid Analysis 
The results from total lipid analysis on fish samples are presented in 
Table 18. Actual lipid data for each individual fish is given in Appendix 
(Tables CI-C6). Total lipid exhibited significant positive relationships 
(p<0.05) with age, weight, and length in largemouth bass fillet and whole 
body samples. A significant positive relationship (p<0.05) existed between 
lipid content in catfish fillet samples and age. There were no significant 
relationships between lipid content and size (age, weight, or length) in 
common carp, bluegill, white crappie, and gizzard shad. Simple linear 
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Table 16. Mean trace metal concentrat~on ~n zooplankton samples collected from each 
of 11 s~tes on Crab Orchard Lake, Fall 1986. 
S1.te [AL] [AS] 
Concentrat~on 
[Bl [Ba] 
a(mg/kg) 
[Be] [Cal [Cd] [Co] [Cr] 
1 30.4 1.61 1.15 1.19 0.069 355.0 <DL <DL <DL 
2 20.8 <DL 1.62 0.866 0.065 171.0 <DL <DL <DL 
3 19.6 2.22 0.741 0.966 <DL 21.0 <DL <DL <DL 
4 34.9 <DL 4.75 0.983 <DL 269.0 <DL <DL 1.44 
5 27.0 <DL <DL 0.628 <DL 208.0 <DL 0.302 <DL 
0'\ 
0'\ 
6 
7 
25.7 
26.3 
<DL 
<DL 
<DL 
0.778 
0.778 
0.717 
<DL 
0.127 
266.0 
257.0 
<DL 
0.169 
<DL 
<DL 
1.03 
<DL 
8 24.3 1.62 <DL 0.600 0.244 204.0 0.111 <DL <DL 
9 21.7 1.81 <DL 0.419 0.233 153.0 0.121 <DL <DL 
10 33.3 <DL <DL 0.386 <DL 160.0 <DL <DL <DL 
11 
DLb 
63.6 
2.76 
<DL 
1.26 
2.11 
0.140 
0.645 
0.045 
<DL 
0.060 
216.0 
0.050 
<DL 
0.110 
<DL 
0.245 
<DL 
0.970 
(continued on next page) 
Table 16 (cant.). 
eoncentrat~on (mg/kg) a 
S~te feu] [Fe] [Hg] [K] [Mg] [Mn] [Mo] [Na] [N~] 
1 0.413 36.5 11.0 473 106 19.3 <DL 502 0.482 
2 0.644 23.0 65.4 495 109 7.28 <DL 542 0.644 
3 0.346 33.5 5.33 640 123 13.8 <DL 531 0.459 
4 <DL 35.7 8.62 793 133 15.3 <DL 288 0.459 
5 <DL 29.3 6.63 583 123 10.2 <DL 253 <DL 
6 <DL 33.4 5.03 827 137 13.4 <DL 359 0.389 
0"1 
-...J 7 0.945 27.4 <DL 572 130 8.78 0.506 424 <DL 
8 0.778 30.2 <DL 860 144 9.78 0.400 502 <DL 
9 0.359 20.8 11.9 919 147 8.19 <DL 485 <DL 
10 0.380 30.5 <DL 811 140 5.97 <DL 270 0.622 
11 <DL 46.5 5.08 707 146 7.03 <DL 169 <DL 
DLb 0.320 0.830 5.00 71.2 0.125 0.545 0.365 103 0.345 
(continued on next page) 
Table 16 (cont.) • 
s~te [P] [Pb] 
Concentrat~on 
[Sb] [Se] 
a(mg/kg) 
[S~] [Sn] [V] [Zn] 
1 954 <DL <DL <DL <DL <DL <DL 7.75 
2 973 <DL <DL <DL <DL <DL <DL 10.7 
3 1070 <DL <DL <DL <DL <DL <DL 9.08 
4 1130 <DL <DL <DL <DL <DL <DL 8.34 
5 1080 <DL <DL <DL <DL <DL <DL 10.3 
0"\ 
00 
6 
7 
1250 
1110 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
<DL 
9.05 
9.58 
8 1250 <DL <DL <DL <DL <DL <DL 10.3 
9 1370 <DL <DL <DL <DL <DL 0.977 11.1 
10 1120 <DL <DL <DL <DL <DL <DL 9.25 
11 
DLb 
1150 <DL 
3.74 0.890 
<DL 
0.880 
<DL 
1.34 
<DL 
1.31 
<DL 
1.32 
<DL 
0.965 
8.36 
0.490 
a 
b 
Excludlng Hg WhlCh 
Detectable llmlts. 
~s reported as ug/kg. 
Table 17. Trace metal concentrations in macrobenthos samples 
collected from three selected sites on Crab Orchard Lake, Fall 
1986. 
Site 
a
Metals 1 7 10 DL
AL 415 337 816 5.56 
As <DL <DL <DL 2.53 
B 3.64 2.21 3.42 0.282 
Ba 6.16 5.57 7.51 0.090 
Be <DL <DL <DL 0.121 
Ca 278 344 381 0.106 
Cd <DL <DL <DL 0.221 
Co <DL 0.653 0.616 0.492 
Cr 2.09 <DL 3.09 1.95 
Cu <DL <DL <DL 0.644 
Fe 526 414 757 1.67 
K 1160 690 1110 143 .. 0 
Mg 208 188 244 0.252 
Mn 61.2 26.1 53.6 1.10 
Mo <DL <DL <DL 0.735 
Na 704 726 662 206 
Ni 0.929 <DL 1.13 0 .. 693 
P 1370 1140 1450 7.53 
Pb <DL <DL <DL 1.79 
Sb <DL <DL <DL 1.77 
Se <DL <DL 2.89 2 .. 70 
Si <DL <DL 6.84 2.64 
Sn <DL <DL <DL 2.66 
V <DL <DL <DL 1.94 
Zn 46.5 22 .. 3 26.3 0.985 
a/ Detection limits. 
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Table 18. Total lipid content (in percent) in various fish 
species from Crab Orchard Lake, Fall 1988. 
Speciesa Tissue Range Mean 
ata:tld£rdeV1a 10n 
Largemouth bass Whole body 2.84 - 8 .. 60 5 .. 3 1 .. 2 
Fillet 1 .. 48 - 5.50 2 .. 9 1.2 
Channel catfishb Whole body 4.33 - 14.0 8.3 2.6 
Fillet 0.98 - 12.0 5.4 2.9 
Common carp Whole b9dy 0.90 - 12.7 5.6 3.1 
Fillet 0.22 - 7.2 3.0 2.1 
Bluegill Whole body 2.46 - 9.82 4.8 1.6 
Fillet 1.32 - 5.56 2.5 0.9 
Gizzard shad Whole body 1.36 - 13.0 5.6 2.6 
Fillet 1.00 - 8.48 3.0 1.4 
White crappie Whole body 1 .. 69 - 8.26 4 .. 1 1.4 
Fillet 0.74 - 3.51 1.9 0.7 
a/ N = 27 unless otherwise noted. 
b/ 
N = 26 
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regression was also used to determine relationships between lipid content and 
PCB concentrations in fillet and whole body tissue. Site 10 was treated 
individually because fish contained significantly higher PCB levels there 
than fish from sites 1 and 7. Only white crappie whole body samples 
exhibited a significant positive relationship (p<O.05) between lipid content 
and PCB concentration at site 10. There were significant positive 
relationships (p<0.05) between PCB concentrations in common carp whole body 
and fillet, largemouth bass fillet, and gizzard shad fillet, and lipid 
content at sites 1 and 7. 
PCB concentrations in fish samples on a wet weight basis were converted 
to concentrations based on lipid weight by using the formula: 
Lipid Weight Concentrations (mg/kg) = Total mg PCB present in sample 
kg total lipid in sample 
These lipid weight concentrations were also used for age/size relationships, 
trophic level comparisons, and site comparisons. All comparisons made with 
PCB concentrations baeed on lipid weights yielded similar results to those 
comparisons made with PCB concentrations based on wet weights. 
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CHAPTER 5. DISCUSSION
 
PCBs 
PCBs are present throughout Crab Orchard Lake, and in particular, 
elevated levels of PCBs exist near the former Sangamo Dump Site (site 10). 
Soil samples on this site are known to be contaminated with extremely high 
concentrations of PCBs (maximum 13,000 mg/kg wet) (O'Brien and Gere Engi­
neers, Inc. 1988). These results indicate that PCBs may have leached from 
the dumpsite into the lake, and may still be doing so. 
All ecological components analyzed had higher levels of PCBs at site 10 
than at the other 10 sites with the exception of water which had relatively 
uniform values (range = 0.000063-0.0000107 mg/liter) for all sites. Both 
filtered and unfiltered water samples from Crab Orchard Lake exceeded the 
0.014 ug/l, 24-hour average, criteria set by the USEPA (USEPA 1980). Thus 
PCBs present in the water, if persistent, may be a significant source of PCBs 
to aquatic biota. 
Because PCBs have a low water solubility and sorb to particulate matter, 
sediment data provide a better indication of PCB contamination than water 
samples. Mean PCB concentration in sediment samples from site 10 (mean = 
0.313 mg/kg) were significantly greater than the concentrations found at all 
other sites which ranged from 0.0355 to 0.112 mg/kg. PCB levels in sediments 
from site 11 (Crab Orchard Creek) were also elevated (mean = 0.112 mg/kg) 
compared to the remaining sites which ranged from 0.0355 to 0.053 mg/kg. It 
is unknown if PCBs are still entering the lake at that site. Previous 
studies (Hite and King 1977) found elevated levels of PCBs in Crab Orchard 
Creek associated with the city of Marion's sewage treatment plant effluent. 
Fish served as the primary component for monitoring PCB contamination in 
Crab Orchard Lake because of the implications for human health concerns. 
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Fish samples also serve as an indicator of the bioavailability of PCBs in the 
aquatic environment. Fish samples from site 10 had significantly higher 
levels of PCBs than those from sites 1 and 7. Thirty-eight percent (17/45) 
of fillet samples from fish collected from site 10 exceeded the 2.0 ppm 
action level set by the FDA for human consumption (Title 21, Code of Federal 
Regulations 109.30). Two catfish samples from site I, and one catfish sample 
from site 7 also exceeded this limit. 
The variation in PCB levels between fish species may be due to differ­
ences in trophic status among the species. Channel catfish and common carp, 
which had the highest levels of PCBs, can both be considered as omnivorous 
bottom feeders. Exact trophic level status of fishes is hard to define due 
to changes in diet with maturity (growth) and seasonal opportunities in prey 
abundance. It is hard to determine if food consumption, or association with 
contaminated sediments, is responsible for the elevated levels in channel 
catfish and common carp. Macrobenthos and sediment samples contained high 
levels of PCBs. Laboratory studies have shown that fish fed a contaminated 
diet and exposed to contaminated sediments had significantly higher PCB 
levels than fish that were fed only the contaminated diet (Rubinstein et ale 
1984). Fish that were isolated from direct contact with sediments by 1.0 mm 
mesh screens had significantly lower PCB levels than fish with direct con­
tact. In that study, the authors found that the diet added 53% to the total 
PCB burden. Gizzard shad contained higher levels of PCBs than did the 
macrobenthos which comprise part of their diet. However, largemouth bass, 
which feed on the gizzard shad had lower levels of PCBs than common carp and 
channel catfish, emphasizing the role of sediment contact in PCB accumu­
lation. 
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Food chain biomagnification of PCBs occurs through several trophic 
levels in Crab Orchard Lake. Zooplankton and benthos contained higher levels 
of PCBs than water and sediment, respectively. Fish species contained higher 
levels than zooplankton and benthos. However, biomagnification did not occur 
between predator and prey fish species. Largemouth bass had similar PCB 
concentrations as its main forage base, gizzard shad and bluegill. 
PCB concentrations in channel catfish fillets exhibited a significant 
positive relationship with age when the fish from three sites were examined 
statistically as one group. There was also a significant positive relation­
ships in fillet and whole body samples from white crappie between PCB concen­
tration and weight when the fish from the three sites were analyzed as a 
group. These were the only relationships found between age (size) and PCB 
concentrations. Phillips (1980) reviewed the literature concerning the 
effects of size on PCBs in aquatic biota and found that these relationships 
were location dependent. Thus the extreme differences in ambient PCB levels 
between the three sites would justify examining the age relationships on a 
site by site basis. This analysis revealed that PCB concentrations in 
largemouth bass whole body samples showed a positive significant relationship 
at sites 1 and 7, but not at 10. Whole body and fillet samples from channel 
catfish exhibit a positive significant relationship with PCB concentrations 
at sites 10 and 7 but not at site 1. White crappie samples from site 10 and 
common carp samples from site 7 showed a significant positive relationship 
with weight. 
Previous studies indicate that PCBs as well as other organochlorine 
compound concentrations in fish are age related (Bache et al. 1972, Youngs et 
ale 1972, Wszolek et ale 1979, and Norstrom et a1. 1976). The increase in 
PCB concentrations with age/size has been attributed to many factors 
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including intake exceeding elimination over time, changes in diet with size, 
and increase in lipid content with size (Phillips 1980). The lack of a 
relationship between most of the species examined in this study may be due to 
a lack of equilibrium being reached at site 10 between uptake and elimination 
of fishes. Also, in some species diets may include organisms with high PCB 
concentrations in earlier life stages. The discrepancies between the rela­
tionships found in largemouth bass and channel catfish between sites may be 
due to fish movement in and out of the most contaminated area. The small 
sample sizes make these explanations tentative at best. In the case of 
channel catfish, two samples at site 1 completely skewed the regression line. 
Lipid Content 
Because of the hydrophobic, lipophillic nature of PCBs, the lipid 
content of the fish may be the most important factor in the variability of 
PCB concentrations within and between fish species (Phillips 1980). Most re­
searchers (e.g. Ernst et al. 1976, Phillips 1980, Armstrong and Sloan 1988) 
feel conclusions regarding age/size relationships and trophic level rela­
tionships cannot be made on the basis of wet weights alone. However, compar­
isons between age/size or trophic level and PCB concentrations in fish based 
on wet weights were similar to those comparisons of PCB concentrations based 
on lipid weight in this study. PCB concentrations exhibited a significant 
positive relationship with lipid content only in white crappie whole body 
samples from the site with elevated levels of PCBs (site 10). Thus, in this 
study lipid content did not demonstrate any effect on the relationships 
between PCB concentrations in fish and the age/size or trophic level of the 
fish. 
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Trace Metals 
The sediments of Crab Orchard Lake are serving as a sink for trace 
metals in the aquatic ecosystem. Sediments contained the highest concentra­
tions of trace metals among the components analyzed. Water samples contained 
the lowest concentrations of trace metals. Trace metals are relatively 
insoluble in water; therefore, only a small percentage of trace metals 
entering the aquatic environment actually remain dissolved in the water. The 
greatest percentage of trace metals entering the water are rapidly adsorbed 
onto suspended particulate material which eventually settle into the sediment 
layer, especially in a reservoir or lake (Forstner and wittman 1981). 
Excluding mercury, trace metal concentrations in the biotic components 
of Crab Orchard Lake were low compared to sediment concentrations. Benthos 
and zooplankton had similar or higher concentrations of trace metals than did 
fish species, with the exception of mercury. This pattern of trace metal 
distribution within Crab Orchard Lake is similar to the distribution found in 
other aquatic ecosystems (Mathis and Cummings 1973, Mathis and Kevern 1975, 
Enk and Mathis 1977, Wren et ale 1983, Prahalad and Seenayya 1986). 
Fish served as the prinlary component for monitoring trace metal contami­
nation because of the implications for human health concerns and also to 
determine the biological availability of trace metals to the biota in the 
ecosystem. Trace metal concentrations in fish are within the range of 
concentrations found in fish from portions of the Mississippi (Boyer 1984), 
Illinois (Mathis and Cummings 1973), and the Ohio and Wabash (Lowe et ale 
1985) Rivers in this geographic region of the country. Arsenic, cadmium, 
lead, and selenium, which were not detected in most of the fish samples from 
Crab Orchard Lake, were detected in fish samples from these areas. However, 
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the detection limits for this study exceeds the levels found in those fish 
samples so comparisons cannot be made. 
Earlier studies conducted on fish from Crab Orchard Lake found greater 
mean total mercury concentrations in largemouth bass fillets, 0.19 mg/kg in 
1976 (Hite and King 1977), and 0.177 mg/kg in 1983 (Ruelle 1983b), compared 
to the 0.099 mg/kg found in the bass analyzed for this study. Mercury 
concentrations may be declining in fish from Crab Orchard Lake, but differ­
ences in analytical techniques and capabilities may also be responsible for 
the differences between the studies. Ruelle (1983a) also determined lead 
levels in largemouth bass and channel catfish and found them to be undetect­
able, as was the case in this study. 
Zinc concentrations were higher than concentrations of the other trace 
metals in fish from Crab Orchard Lake. This has been true for most other 
studies involving trace metals in fish. Zinc concentrations in fish from 
Crab Orchard Lake were similar to concentrations found in sediments from the 
lake. Many researchers have stated that zinc, along with copper and manga­
nese, are essential elements for growth and development and thus are 
homeostatically controlled in fishes (Bryan 1976, Cross et al. 1973, Giesy 
and wiener 1977, Wiener and Giesy 1979). They suggest that concentrations of 
these elements are similar in fish from different areas, independent of 
ambient concentrations. Concentrations of zinc and copper in fish from Crab 
Orchard Lake are similar to the geometric mean of these metal concentrations 
in fish samples from 112 sites nationwide (Lowe et al. 1985). 
Concentrations of barium, chromium, cadmium, and nickel in fish were 
much lower than the concentrations of these materials in the sediments. This 
suggests that these metals are bound tightly to the sediments and are rela­
tively unavailable to the biota. This can be attributed to the redox 
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potential and chemical properties of these elements. At a slightly acid to 
alkaline pH range, trace metals are adsorbed onto clay particles, hydrous 
iron and manganese oxides, and organic matter in the aquatic environment 
{Forstner and wittman 1981}. The conditions of Crab Orchard Lake favor the 
adsorption of metals to sediment rather than the release into the overlying 
water. 
Total mercury concentrations in fish were similar to those found in 
sediment samples suggesting that mercury in sediments is available to the 
biota. The fate of mercury in the aquatic environment is different from the 
other trace metals. When mercury is discharged into the aquatic environment 
it can undergo biological methylation by bacteria and be transformed into the 
organic compound methylmercury (Boudou and Ribeyre 1983). Methylmercury can 
be absorbed by invertebrates and efficiently passed through the food chain to 
top predators (fish). Other trace metals are not efficiently transferred. 
Singh and Ferns (1978) found that rainbow trout only accumulated a small 
percentage of chromium, nickel, iron and lead that was consumed with the 
diet. 
Trace metal concentrations in livers and fillets, in addition to whole 
body samples, were examined to determine the bodily distribution of trace 
metal concentrations in fish. Fillet samples are important in that they 
provide information about the hazards of contaminated fish to the human 
consumer. The liver is a significant organ in toxicological processes in 
vertebrates. Therefore, liver samples may be a more sensitive indicator of 
trace metal accumulation. Higher concentrations of trace metals in liver 
samples than in whole body samples may suggest that the liver is playing an 
active role in the detoxification, sequestering, and elimination of trace 
metals in fish. 
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Total mercury was the only trace metal to accumulate in equal or higher 
concentrations in the fillet than whole body or liver samples. Previous 
studies have all shown that mercury accumulates in the edible portion of 
fishes, unlike other trace metals. This is due to the difference in the 
chemical nature of mercury compared to other metals. Methylmercury is 
readily passed from food in the intestine to the blood where it binds to 
sulfhydral groups on red blood cells (Boudou and Ribeyre 1983). The blood 
can then carry the mercury throughout the body and transfer it to the organs 
and tissues (Giblin and Massaro 1975). Methylmercury has a high affinity for 
myofibrillar and sarcoplasmic proteins which make up the major part of the 
muscle protein (Arima and Umemoto 1976). Thus, blood transports mercury to 
muscle tissue where it is accumulated. 
Fillet samples contained lower concentrations of barium, chromium, 
copper, nickel, and zinc than did whole body and liver samples. Other 
studies have indicated that these elements accumulate to a lesser degree in 
muscle tissue than in other organs (Brown and Chow 1977, van den Brook 1979, 
Wiener and Giesy 1979, Boyer 1984, Eisenberg and Topping 1986) • 
The liver may be playing a role in the accumulation of certain trace 
metals in fish; however, accumulation patterns are not consistent between 
species. The livers of largemouth bass, channel catfish, and common carp had 
higher copper concentrations than in whole body samples. Wiener and Giesy 
(1979) also found in several fish species greater copper concentrations in 
liver tissue than in whole body samples. This may be due to differences in 
uptake and elimination by the liver between these species. It should be 
noted that the livers from bluegill sunfish, and white crappie were small, 
therefore there was a greater chance for error in determining trace metal 
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concentrations for sample weights and sample dilution factors (personal 
communication, Sue Wood, INHS). 
Wiener and Giesy (1979) found that zinc concentrations in the livers of 
some species were either less than or greater than whole body concentrations. 
This study found that zinc concentrations in carp livers were three times 
greater than whole body concentrations, while the other species had similar 
concentrations of zinc in liver and whole body samples. This is likely a 
result of differences in physiological and metabolic processes of zinc 
between fish species. Fish species also differed in their body distribution 
of nickel. Concentrations of nickel in the livers of carp and bluegill were 
greater than whole body concentrations, yet concentrations were similar in 
liver and whole body samples from largemouth bass. 
Liver samples may provide a more sensitive target organ for monitoring 
contamination of certain metals in certain species. However, due to the 
great deal of variation between species, liver samples should not be used to 
evaluate health hazards or to evaluate trophic level effects or trace metal 
concentrations in fishes. 
Total mercury concentrations in fish are a function of the size of the 
fish. There were significant positive relationships between total mercury in 
fish tissue and fish size in all species except gizzard shad. This is 
consistent with the findings of other studies (Scott and Armstrong 1972, 
Cross et al. 1973, Potter et al. 1975, Steifel 1976, Cooper 1983, Wren et al. 
1983, and Rada et al. 1986). There is no apparent explanation for the lack 
of a relationship between total mercury and size in gizzard shad. 
There were a few other significant relationships between trace metal 
concentrations and size; however, they were not consistent between species or 
fish tissue. Whole body zinc concentrations showed a positive relationship 
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with age, weight, and length. Wren et al. (1983) found a positive relation­
ship between zinc concentrations and length in northern pike (Esox lucius), 
but more often zinc concentrations are found to decrease as a function of 
size (Cross et al. 1973, Wiener and Giesy 1977, Murphy et al. 1978, and 
Vinikour et al. 1980). 
Copper concentrations exhibited a significant negative relationship with 
age, weight, and length in channel catfish livers, but in no other species or 
tissue. Copper has been shown to decrease as a function of size in fish in 
previous studies (Cross et al. 1973, Wiener and Giesy 1977). However, 
McFarlane and Franzin (1980) found that copper increased with age in livers 
of northern pike. 
Barium concentrations in whole body samples from common carp were 
positively related to age, weight, and length, yet there were no relation­
ships observed for the other species. Very little information is available 
on the accumulation of barium by fishes. 
The relationship between trace metal concentrations and size may be due 
to differences in duration of exposure, feeding habits, and surface to volume 
relationships between smaller and larger fish (Phillips 1980). In any case, 
accumulation occurs when uptake exceeds elimination over a period of time. 
The difference in accumulation patterns between total mercury and other 
trace metals is due to the difference in uptake and elimination rates of the 
elements. Mercury behaves quite differently in the aquatic environment and 
in fish tissue as discussed earlier. Mercury uptake, facilitated by biologi­
cal methylation, is relatively efficient and elimination of methylmercury by 
fish is slow. Thus, mercury will accumulate to steady state values in fish 
tissue as a function of time. 
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Discrepancies in accumulation patterns of trace metals between previous 
studies may be a result of variations in the concentrations and 
bioavailabilities of trace metals in each individual aquatic ecosystem which 
would ultimately affect uptake by fishes. Differences in accumulation 
patterns between species from the same site must be related to differences in 
physiological processes between species. 
Nickel concentrations were higher in largemouth bass than in any other 
fish species; however, because nickel concentrations in three of the fish 
species were below detection limits, biomagnification of nickel is not clear. 
Wren et ale (1983) also found higher nickel concentrations in predatory fish 
than other species. However, Mathis and Cummings (1973) found that omnivo­
rous fishes contained higher concentrations of nickel than did carnivorous 
species. 
The concentrations of barium, chromium, copper, and zinc were signifi­
cantly lower in the more piscivorous species, largemouth bass and channel 
catfish, than in other species, suggesting that biomagnification of these 
elements does not occur. The trophic level effect on concentrations of these 
trace metals in fish is the reverse of mercury. Omnivorous fishes (gizzard 
shad, bluegill, and common carp), had the highest concentrations of barium, 
chromium, copper, and zinc. This difference may be due to the differences in 
trace metal levels in the food items of omnivores and piscivores. It has 
been shown that zooplankton, aquatic insects, tubificids, and snails accumu­
late higher concentrations of trace metals, except mercury, than fish (Mathis 
and Cummings 1973, Mathis and Kevern 1975, Enk and Mathis 1977, Guthrie and 
Cherry 1979, and Van Hassel et al. 1980). 
Mathis and Cummings (1973) and Murphy et ale (1978) also found that 
omnivores had higher concentrations of these metals than carnivores and 
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related it to their food habits. Other researchers have thought that the 
degree of bottom sediment contact was more important than food habits in the 
differences in trace metal concentrations between species (Wiener and Giesy 
1979, Van Hassel et ale 3980, Ney and Van Hassel 1983, Wren et ale 1983). 
This study supports the theory that food habits may be more important in 
differences in bioaccumulation of metal contaminants between species. 
Channel catfish, a bottom dweller (Pflieger 1975), contained the lowest 
concentrations of trace metals with the exception of mercury. 
The results indicate that trace metal concentrations in biotic and 
abiotic components of Crab Orchard Lake are similar between sampling sites. 
This suggests that the 11 sites sampled did not have elevated trace metal 
contamination. It is noteworthy that sediment and biota from the east end of 
the lake, sites 10 and 11, did not have higher concentrations of trace 
metals, especially lead. An area of lead contamination exists at the Sangamo 
dump near site 10. Lead levels in soil samples from this area have exceeded 
7,000 ppm (Ruelle 1983a). However, Ruelle found that lead levels in channel 
catfish and largemouth bass were below detection limits from both the west 
end and east end of the reservoir, as was the case in this study. Hite and 
King (1977) found that lead concentrations in the sediments were similar 
throughout the reservoir. Apparently, lead is not being transported from the 
dumpsite into the reservoir. 
Crab Orchard Creek, which carries effluent from Marion's sewage treat­
ment plant, enters the reservoir at the east end near sites 10 and 11. Rite 
and King (1977) found elevated concentrations of copper, lead, mercury, and 
zinc in the sediments of Crab Orchard Creek, and higher concentrations of 
zinc and cadmium in sediments from the east end of the reservoir. In their 
study, cadmium concentrations in sediment were especially high in Pigeon 
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Creek Bay (site 9 of this study). Site 9 had the highest cadmium concentra­
tions in all samples analyzed, but the differences were not statistically 
significant. 
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CHAPTER 6. SUMMARY AND CONCLUSION 
It is evident that PCBS have been transported, and may still be doing 
so, into Crab Orchard Lake near the former Sangamo dumpsite. Mean levels of 
PCBs in fish, sediment, benthos, and zooplankton were higher in this area 
(site 10) than other sites. Thirty-eight percent (17/45) of fillet samples 
(excludes gizzard shad) from this site exceeded the FDA action level of 2.0 
ppm, as compared with 2.2% from other sites. 
Trace metal concentrations found in water were below criteria estab­
lished for the health of aquatic life. Trace metal concentrations of biota 
in Crab Orchard Lake are within the range of other bodies of water in and 
surrounding Illinois. 
The variability of trace metal and PCB concentrations in fish species 
was not explained by age or size in most cases. This variation was also not 
explained by the lipid content of the particular fish sample. Mercury was 
the only contaminant to consistently exhibit significant positive relation­
ships with age and size among fish species, fish tissue, and sample sites. 
Mercury was the only contaminant to exhibit biomagnification through the 
food chain to a top carnivore, the largemouth bass. Other trace metals were 
more concentrated in omnivorous species. PCB levels were highest in carp and 
channel catfish. These species could be considered omnivorous; however their 
degree of sediment contact may be more significant with respect to contamina­
tion than their being at a higher trophic level. Trace me~al concentrations 
did not seem to be related to the degree of sediment contact. Channel 
catfish had the lowest levels of trace metals, except for mercury. Lipid­
based values exhibited a similar pattern of trophic level dynamics with 
respect to PCB concentrations. 
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These results are all based on samples taken during the fall season. 
Sediment, water, zooplankton, and macrobenthos would not likely be different 
by season. Contaminant levels in fish, particularly with respect to PCBs, 
may differ due to lipid content and composition changes that naturally vary 
as a result of gonadal development, spawning, forage availability, etc. 
Spring fish samples collected from the same sites as analyzed in this study 
are currently being analyzed. A follow-up study is now focusing on summer 
fish samples. The culmination of these studies will provide a fairly com­
plete picture of the seasonal pattern in PCB contamination. Should a clean­
up of the Sangamo dumpsite take place, the data base established from this 
and the ongoing studies will allow for a comprehensive before-and-after 
comparison of PCB contamination. To our knowledge, no major clean-up of this 
type has ever been evaluated to determine efficacy of such efforts. 
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Table A-I. PCB concentrations (mg/kg) in 
largemouth bass. 
Age Weight Tissue 
site (years) (grams) Fillet whole body 
1	 1+ 360 0.087 0.128 
2+ 416 0.182 0.381 
2+ 420 0.109 0.164 
3+ 1085 0.152 0.427 
4+ 1166 0.368 0.401 
4+ 1028 0.157 0.539 
7+ 2224 0.219 0.674 
7+ 2340 0.221 0.609 
8+ 2747 0.225 0.614 
7	 1+ 300 0.141 0.325 
2+ 444 0.115 0.369 
2+ 467 0.171 0.404 
3+ 1084 0.208 0.734 
4+ 1650 0.372 0.898 
4+ 1611 0.417 1.34 
6+ 2367 0.571 1.34 
7+ 2571 0.233 0.966 
10+ 2867 0.265 1.26 
10	 1+ 303 1.90 5.21 
2+ 440 0.596 1.37 
2+ 469 2.93a 6.38 
3+ 1022 2.10a 12.8 
4+ 834 1.48 4.27 
4+ 1722 1.24 3.86 
7+ 1959 2.15a 5.67 
7+ 1897 1.22 3.54 
8+ 1449 1.14 3.72 
a Exceeds FDA guidelines. 
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Table A-2. PCB concentrations (mg/kg) in 
channel catfish. 
Tissue 
Age Weight Whole 
Site (years) (grams) Fillet body 
1	 2+ 258 0.0818 0.172 
3+ 484 0.108 0.521 
3+ 638 0.414 0.788 
4+ 1192 2.40 a 5.73 
4+ 1961 6.91 a 8.14 
5+ 2665 1.07 1.91 
6+ 4876 0.761 1.75 
7+ 5160 0.949 1.13 
7+ 4649 0.684 1.45 
7	 2+ 372 0.121 0.400 
3+ 958 0.369 0.801 
3+ 762 0.527 0.856 
4+ 1804 0.810 1.38 
5+ 1966 0.942 1.67 
5+ 3345 1.27 1.89 
8+ 2155 0.796 1.31 
9+ 1766 1.42 1.73 
8+ 4819 2.20 a 2.35 
10	 1+ 152 0.400 1.47 
3+ 933 0.719 2.61 
3+ 1729 1.59 2.07 
4+ 1332 1.99 3.83 
5+ 1757 2.41 a 4.89 
6+ 2551 4.66 a 6.27 
a8+ 4111 6.05 5.78 
9+ 2835 5.40 a 7.56 
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Table A-3. PCB concentrations (mg/kg) in 
common carp. 
Tissue 
Age Weight Whole 
Site (years) (grams) Fillet body 
1	 7+ 826 0.415 1.23 
6+ 1144 0.502 0.719 
7+ 1122 0.455 0.747 
9+ 950 1.62 3.10 
8+ 994 0.265 0.442 
8+ 2006 0.485 1.58 
15+ 1889 1.03 1.70 
14+ 4423 0.196 0.497 
19+ 3317 0.303 0.338 
7 1+ 190 0.120 0.147 
2+ 174 0.124 0.260 
3+ 352 0.156 0.243 
8+ 830 0.260 0.243 
6+ 937 0.316 0.360 
7+ 1121 0.267 0.655 
16+ 3629 0.469 0.926 
18+ 2098 0.226 0.411 
16+ 2608 0.159 0.316 
10	 0+ 77 2.08 a 4.88 
1+ 124 3.27 a 7.28 
2+ 178 2.73 a 7.63 
7+ 818 10.8 a 18.4 
9+ 952 1.52 3.54 
a8+ 1027 3.26 9.66 
9+ 862 16.9 a 43.9 
10+ 1265 5.82 a 11.0 
10+ 1753 3.94 a 7.63 
a/ Exceeds FDA guidelines. 
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Table A-4. PCB concentrations (mg/kg) in 
bluegill sunfish. 
Tissue 
Age Weight Whole 
Site (years) (grams) Fillet body 
1 1 65 0.398 0.459 
1 60 0.275 0.453 
1 52 0.135 0.298 
2 112 0.163 0.227 
2 92 0.252 0.355 
2 99 0.234 0.510 
3 120 0.0811 0.227 
3 129 0.174 0.222 
4 101 0.0878 0.176 
7 1 47 0.249 0.327 
1 63 0.0946 0.144 
1 55 0.120 0.207 
2 87 0.297 0.379 
2 103 0.121 0.135 
2 105 0.253 0.308 
3 119 0.230 0.493 
4 144 0.116 0.272 
5 132 0.145 0.266 
10 1 70 2.59 a 6.15 
1 54 0.630 2.87 
1 56 1.72 6.77 
2 119 0.705 2.87 
2 112 3.41 a 12.8 
2 108 1.54 4.24 
3 135 1.13 1.45 
4 160 0.646 2.19 
5 142 1.88 3.71 
a/ Exceeds FDA guidelines. 
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Table A-5. PCB concentrations (rog/kg) in 
white crappie. 
Tissue 
Age Weight Whole 
Site (years) (grams) Fillet body 
1	 1+ 135 0.0792 0.230 
1+ 120 0.145 0.157 
1+ 118 0.219 0.197 
2+ 180 0.216 0.302 
3+ 179 0.0924 0.172 
3+ 162 0.164 0.412 
7+ 235 0.170 0.188 
8+ 229 0.182 0.284 
9+ 426 0.107 0.458 
7	 1+ 136 0.124 0.199 
1+ 121 0.0998 0.209 
1+ 145 0.0963 0.135 
2+ 221 0.134 0.364 
3+ 237 0.104 0.267 
3+ 185 0.186 0.231 
7+ 231 0.222 0.264 
8+ 283 0.125 0.146 
8+ 228 0.169 0.334 
10	 1+ 217 0.228 0.820 
1+ 182 0.192 0.897 
1+ 195 0.181 0.548 
2+ 278 0.253 0.676 
3+ 320 0.533 2.96 
3+ 295 0.260 1.56 
4+ 384 0.307 1.52 
6+ 202 0.130 0.646 
8+ 340 0.293 1.90 
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Table A-6. PCB concentrations (mg/kg) in 
gizzard shad. 
Tissue 
Age Weight Whole 
site (years) (grams) Fillet body 
1	 1+ 24 0.373 0.353 
1+ 25 0.519 0.528 
1+ 25 0.272 0.168 
2+ 52 0.195 0.299 
3+ 84 0.521 0.955 
3+ 80 0.252 0.342 
5+ 164 0.210 0.244 
6+ 159 0.236 0.366 
6+ 152 0.207 0.149 
7	 1+ 30 0.253 0.347 
1+ 32 0.292 0.291 
1+ 32 0.644 1.08 
2+ 54 0.275 0.498 
3+ 93 0.259 0.299 
3+ 75 1.68 3.92 
5+ 112 0.159 0.094 
6+ 97 0.205 0.290 
8+ 264 0.639 1.41 
10	 1+ 32 0.927 1.41 
1+ 32 0.591 1.18 
1+ 31 1.40 2.56 
2+ 40 3.28 4.60 
3+ 64 3.64 10.2 
3+ 59 2.92 12.4 
4+ 116 0.570 1.57 
4+ 119 0.510 1.77 
4+ 92 0.377 0.758 
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Table B-1. Trace metal concentrations (mg/kg wet weight)a in largemouth bass, 
fillet (F), whole body (WB), and liver (L) samples. 
Age Weight SL As Ba 
Site (years) (grams) (rom) F WB L F WB L 
1 1+ 360 252 * * * 0.071 0.587 0.216 
2+ 416 244 * 3.16 2.23 0.254 0.597 0.167 
2+ 420 267 * * * * 0.579 0.133 
3+ 1085 356 * * * * 0.302 * 
4+ 1166 327 * * * 1.70 0.628 0.073 
4+ 1028 334 * * * 0.086 0.512 0.298 
7+ 2224 436 * 2.20 2.04 0.091 0.556 0.152 
7+ 2340 449 * * * 0.124 0.370 0.104 
8+ 2747 444 * * * 0.231 0.553 0.171 
7 2+ 444 263 * * * 0.101 0.596 0.127 
2+ 467 262 * * * 0.275 0.465 0.094 
1+ 300 216 * * * * * * 
4+ 1650 384 * * * 0.199 0.423 0.361 
4+ 1611 375 * * * * 0.323 * 
3+ 1084 346 * * * 0.166 0.350 0.139 
6+ 2367 418 * * * * 0.089 * 
10+ 2867 450 * * * 0.249 0.704 0.092 
7+ 2571 452 * * * 0.085 0.597 * 
10 2+ 440 245 2.29 * * 0.100 0.368 0.205 
1+ 303 217 * * 3.49 0.071 0.529 0.114 
2+ 469 250 * * * 0.154 0.532 0.097 
4+ 834 316 1.58 * 2.77 * 0.769 * 
4+ 1722 369 * * * * 0.216 * 
3+ 1022 327 * * * * 0.297 * 
7+ 1959 409 * * * 0.121 0.389 0.065 
8+ 1449 354 * * * 0.093 0.697 0.073 
7+ 1897 404 * * * * 0.466 0.158 
(continued on next page) 
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Table B-1 (cont). 
Cd Cr Cu Hg 
F vffi L F WB L F WE L F WB L 
* * * * * * *' 
0.496 1.34 29.4 20.6 17.6 
* * * * * * 
0.381 0.373 2.39 40.0 36.9 * 
*' * *' * *' *' 0.330 0.421 2.07 32.6 30.3 14.1 
* * * * 
1.76 *' 0.593 2.31 3.16 47.7 34.0 8.06 
* * * *' * * 1.47 0.605 2.11 69.4 51.2 12.0 
*' *' * *' * 
1.94 0.534 0.245 2.35 106 68.1 22.2 
* * * *' * * * * 
1.87 154 104 35.0 
*' * * * * *' 0.547 0.394 1.95 153 132 42.9 
* * * * *' * 0.463 0.477 1.93 198 134 26.8 
..... 
0 * *' *' * * * 0.381 0.373 2.39 26.0 22.4 8.01 
""-J 
*' * * 2.25 2.67 1.25 0.330 0.421 2.07 43.2 35.6 * 
* * *' * *' *' *' 
0.496 1.34 22.6 13.9 6.58 
*' * * 1.84 *' *' 0.746 0.344 1.47 78.7 51.5 6.21 
*' * *' *' *' *' 
0.531 *' 2.77 61.3 40.6 14.5 
*' *' *' *' * * 
0.347 0.250 5.41 55.0 37.0 12.0 
*' *' *' *' *' *' 0.670 0.308 2.13 133 98.7 25.2 
*' *' 0.138 *' *' *' * 0.351 2.53 177 122 28.3 
*' *' 0.138 1.20 *' * 0.291 0.721 3.78 184 102 26.8 
* *' *' *' *' * * 0.245 3.05 58.3 38.4 12.4 
*' * *' 1 .. 34 *' *' 0.344 1.14 2.50 15.9 15.5 19 .. 9 
* *' *' * * *' 1 .. 85 0.833 2 .. 84 42.1 27.8 12.2 
*' *' * * *' * 
1.19 * 1 .. 67 348 248 49 .. 1 
*' *' *' *' *' * 0.294 0.246 5 .. 02 96.4 69.0 17.1 
*' *' *' 1 .. 31 *' *' 0.515 0.446 2.05 78.9 57.5 10.7 
*' * * * *' * 1.67 0.751 3.78 149 100 22.1 
*' *' * * *' 1.25 * *' 1.99 149 99.9 15.7 
* * * * 1.63 * *' * 5.97 128 71.1 24.5 
(cont~nued on next page) 
Table B-1 (cent). 
N~ Pb Se Zn 
F WE L F WE L F WE L F WB L 
1.23 1.67 0.302 * * * * * * 7.24 18.1 18.9 
2.84 3.73 0.472 * * * 2.19 * * 17.2 18.9 23.9 
0.757 0.763 0.443 * * * * * 1.77 11.7 21.0 30.8 
1.29 0.452 3.13 * 1.26 * 1.51 * 1.82 7.29 19.3 20.7 
0.907 0.953 0.432 * * * * * * 12.8 20.3 24.4 
3.86 1.25 3.66 * * * * * * 12.9 15.6 22.3 
3.85 1.74 6.11 * * * 2.73 1.57 3.11 7.73 19.8 29.4 
4.60 0.880 3.33 * * * * * * 15.2 17.8 18.9 
1.67 1.36 0.732 * * * * * * 14.7 22.1 18.9 
...... 
0 0.985 0.917 0.296 * * * * * 1.39 16.7 30.6 12.4 
ex:> 
* 1.19 0.563 1.75 1.33 1.39 * * 2.67 17.2 16.1 15.9 
* * * * * * * * * 7.28 11.5 37.7 
2.19 0.635 0.299 * * * * * * 6.37 14.4 16.8 
1.26 0.448 2.23 * * * * 1.39 * 6.64 4.7 20.8 
0.368 * * * * * 1.60 * * 6.81 11.6 20.4 
2.06 0.692 0.474 * * * * * * 9.07 15.8 21.1 
0.647 * * * * * * * * 7.66 18.0 23.7 
1.09 0.498 0.622 * * * 1.53 1.42 * 6.21 13.5 16.4 
0.498 2.52 0.411 * * * * * * 10.1 17.6 29.8 
0.332 0.714 1.36 * * * * * * 10.7 19.4 27.8 
4.35 0.810 2.06 * * * * 2.20 * 13.6 18.6 33.0 
1.83 4.18 0.733 * * * * * * 8.61 15.5 27.7 
2.15 2.88 1.72 * * * * * * 6.50 14.0 22.0 
1.45 0.842 3.83 * * * * * * 7.92 30.9 21.3 
2.95 2.44 * * * * * * * 7.83 18.8 18.6 
0.417 0.547 1.12 * * * * * * 5.72 11.2 11.9 
2.12 0.725 1.47 * * * * * * 10.8 13.6 18.8 
a/ Except Hg wh~ch ~s reported as ug/kg. 
*/ Below detect~on l~m~ts. 
Table B-2. Trace metal concentrations (mg/kg wet weight)a in channel catfish, 
fillet (F), whole body (WB), and liver (L) samples. 
Site 
Age 
(years) 
Weight 
(grams) 
SL 
(mm) F 
As 
WB L F 
Ba 
WB L 
1 2+ 
3+ 
3+ 
4+ 
4+ 
5+ 
6+ 
7+ 
7+ 
258 
484 
638 
1192 
1961 
2665 
4876 
5160 
4649 
244 
307 
323 
386 
472 
492 
579 
570 
594 
* 
* 
* 
* 
2.04 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
1.52 
* 
* 
* 
* 
* 
* 
* 
* 
1.30 
* 
0.052 
* 
0.112 
* 
* 
* 
0.061 
0.187 
0.282 
0.340 
0.296 
0.097 
0.309 
0.452 
* 
0.377 
0.436 
0.060 
0.109 
0.052 
0.110 
0.046 
* 
* 
* 
0.151 
7 2+ 
3+ 
3+ 
4+ 
5+ 
5+ 
8+ 
9+ 
8+ 
372 
958 
762 
1804 
1966 
3345 
2155 
1766 
4819 
281 
367 
344 
420 
439 
539 
435 
470 
592 
* 
* 
* 
* 
1.29 
* 
* 
* 
* 
1.79 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
2.10 
* 
* 
0.059 
* 
0.049 
* 
* 
* 
* 
0.049 
* 
0.345 
0.182 
0.245 
0.100 
* 
0.126 
0.299 
0.509 
0.319 
0.079 
* 
* 
* 
* 
* 
0.049 
0.063 
* 
10 1+ 
3+ 
3+ 
4+ 
5+ 
6+ 
8+ 
9+ 
152 
933 
1729 
1332 
1757 
2551 
4111 
2835 
212 
359 
425 
405 
444 
476 
580 
550 
* 
* 
* 
* 
* 
* 
* 
* 
1.48 
* 
* 
* 
* 
* 
* 
* 
3.71 
* 
* 
* 
* 
* 
* 
* 
* 
0.052 
* 
* 
* 
* 
* 
* 
0.381 
0.221 
6.00 
0.223 
0.327 
* 
0.260 
0.311 
* 
0.049 
* 
0.051 
0.059 
* 
* 
* 
(continued on next page) 
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Table B-2 (cont). 
Cd Cr Cu Hg 
F WE L F WB L F WB L F WE L 
* * * * 1.54 * * * 0.900 10.6 7.32 22.0 
* * 0.437 * 0.971 * * * 0.792 13.3 11.5 8.42 
* * 0.156 * * * * * 1.25 14.4 11.6 9.70 
* * * * * * 
0.434 * 1.24 * * * 
* * 0.183 * * * * * 0.731 86.7 60.4 60.4 
* * * * * * * * 0.721 72.0 51.4 54.3 
* * * * * * * * 0.490 * * * 
* * * * * * * * 0.995 73.4 52.4 50.4 
1-0 
1-0 
0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
1.15 
3.26 
16.6 
17.4 
* 
17.0 
* 
36.5 
* * * * 1.48 * * 0.547 1.56 39.6 35.4 41.0 
0.172 * 0.179 * * * 0.539 0.345 1.91 20.8 19.6 32.7 
* * * * * * 
0.381 * 1.04 38.1 34.6 20.9 
* * * * * * * * 0.809 63.1 44.2 38.2 
* * 0.248 * * * * * 0.978 58.3 47.0 43.0 
* * * * * * * * 1.03 113 82.7 89.7 
0.267 0.162 0.237 * * * * * 0.763 317 218 587 
* * 0.178 * * * * * 0.863 96.9 58.7 74.9 
0.412 0.330 1.07 * * * * 0.406 1.29 12.6 7.64 * 
0.259 0.245 0.268 * * * * 0.980 1.46 36.0 21.8 24.9 
0.383 0.364 0.274 * * * * * 0.896 44.7 32.2 25.6 
* * * 1.27 1.14 * 0.397 0.569 1.13 41.9 25.7 34.4 
* * * * * * * * 1.15 47.6 32.0 26.7 
* * * * * * * * 0.558 91.7 57 .. 2 54.0 
* * * * * * * 0.521 0.985 140 93.5 108 
0.231 0.215 0.406 * * * * * 1.04 273 123 199 
(cont1nued on next page) 
Table B-2 (cant). 
10.6 26.1 19.6 
8.86 19.2 19.5 
40.7 15.4 45.9 
7.12 13.2 19.9 
8.76 19.7 17.0 
28.7 
Ni Pb Se Zn 
L F WE
11.0 15.7 
10.5 
4.83 16.9 17.4 
5.10 13.2 23.9 
6.64 13.9 19.9 
1.90 5.79 14.2 16.8 
6.56 16.8 18.0 
1.56 1.86 1.73 4.36 12.8 14.2 
6.76 14.6 14.5 
8.93 17.1 20.4 
8.53 17.3 15.7 
2.97 7.94 23.2 23.1 
6.04 16.7 27.4 
9.78 17.5 17.2 
7.86 15.5 20.5 
1.53 1.83 2.85 8.79 20.1 19.2 
10.4 18.9 
1.45 7.29 17.2 14.6 
5.10 16.7 23.5 
22.4 28.6 
1.46 16.9 13.5 16.1
..... 
..... 
..... 
LWEFLWEL FWEF
*
*
*
 
*

*
*

*
*
 
*
*
*
 
*
*
*
 
*
*
*
 
*
*
*
 
*
*
*
*
 
*
*
*
 
*** 
*
*
 
*
 
*
*

*
*
*
* 
*
*
*
*
* 
*
*
*
*
 
** 
*

*
*

*
*
 
*
*
*
2.14 
**** 
*
 
*
**
*
* 
*
*
* 
*
*
* 
* 
*
* 
*
 
1.12 
*
*
 
*
*
 
*
*
*
 
*
*
*

*** 
*

*
*
 
*
*
*

*
 
*
* 
*
*
*
*
*
*
 
*
*
*
 
1.42 3.07**** 
*
 
*
*
*
*
 
*
*
*
*
*
 
*
0.423*
*
 
*
*
*
*
 
*
1.070.522 
*
*
*
 
*
 
*

**
* 
***0.410 
*
*
*
*
 
*
1.440.725 1.89 
1.53*** 
*
0.8460.688 1.01 
**** 
0.628 
0.553 * 
*
*

*
* 
*
* 
0.448 
*
*
 
0.616 0.590 1.35 
1.290.887*
 
*
* 
*
* 
0.4730.435 0.423 
0.4610.977 0.631 
*
*
*
 
*
*
*
* 
*
*
*
* 
0.421 0.795 
1.21*
*
 
1.250.525 
*
*
*
 
6.23 17.5 15.3 
a/ Ex~ept Hg which is reported as ug/kg. 
*/ Below detect~on l~~ts. 
*
*
*

0.417 0.536 
13.9 
Table B-3. Trace metal concentrations (mg/kg wet weight)a in common carp, fillet 
(F), whole body (WB), and liver (L) samples. 
Age Weight SL As Ba 
Site (years) (grams) (mm) F WB L F WB L 
1 7+ 826 326 * * * 0.147 2.13 0.326 
6+ 1144 337 * * * 0.187 2.10 0.050 
7+ 1122 340 * * * 0.072 1.67 0.075 
9+ 950 319 * * 1.32 0.143 1.44 0.211 
8+ 994 344 * * * 0.123 1.21 0.503 
8+ 2006 413 * * * 0.130 2.33 0.171 
15+ 1889 415 * * * 0.095 1.50 0.105 
14+ 4423 535 * * * 0.135 2.99 0.149 
19+ 3317 504 * 1.54 * 0.310 4.61 0.092 
7 1+ 190 184 * * * 0.095 1.60 0.400 
2+ 174 185 * * * 0.189 1.18 0.600 
3+ 352 238 * * * 0.116 1.93 0.093 
8+ 830 304 * 1.35 * 0.149 1.44 0.253 
6+ 937 330 * * * 0.074 1.05 0.156 
7+ 1121 341 * * * 0.049 1.69 * 
16+ 3629 530 * * * 0.048 1.33 * 
18+ 2098 450 1.28 1.58 2.11 0.459 4.05 0.196 
16+ 2608 450 * * * 0.103 2.97 0.223 
10 0+ 77 132 * * * 0.075 1.25 * 
1+ 124 161 * * 0.165 0.673 
2+ 178 174 * * * 0.128 0.986 0.325 
7+ 818 300 * * 1.39 0.165 1.51 * 
9+ 952 306 * * * 0.080 0.990 0.168 
8+ 1027 344 * * * 0.059 1.84 * 
9+ 862 309 * * * * 1.15 0.250 
10+ 1265 348 * 2.26 2.30 0.095 1.50 0.121 
10+ 1753 381 * * * * 1.04 0.051 
(continued on next page) 
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Table B-3 (cont). 
Cd Cr Cu Hg 
F WE L F WE L F WE L F WE L 
* * 
0.362 * * * 0.760 1.15 9.20 58.6 40.6 6.98 
* * 
0.124 * * * 1.15 0.824 10.0 72.0 50.5 13.8 
* * * * * * * 
0.581 14.1 40.2 23.7 5.90 
* 
0.143 0.316 * * * * 0.541 17.1 57.6 39.7 * 
* * * * * * 
0.343 0.459 10.5 47.2 21.8 8.90 
* * 0.171 * * * 0.391 0.651 2.20 29.8 28.0 7.39 
* * 
0.132 * * * * * 7.05 28.4 19.0 * 
* * 
0.322 * * * * 2.22 10.9 39.6 23.6 7.59 
l-' 
l-' 
W 
* 
* 
* 
* 
0.353 
* 
* 
* 
* 
1.20 
* 
5.00 
1.67 
0.643 
0.729 
0.802 
3.02 
2.20 
64.3 
* 
36.3 
* 
8.30 
0.162 0.192 0.500 * * 1.90 0.351 0.673 2.00 * * 
* * * * * 
1.00 * 0.600 3.25 20.6 8.70 * 
* * * * * 
1.16 0.498 0.759 12.0 26.5 10.6 
* 
* * * * * * 
0.387 0.419 8.69 38.8 22.2 9.47 
* * 
0.209 * * * 1.21 0 .. 846 26.1 35.2 15.0 * 
* * 0.330 * * * 0.481 0.629 25.4 134 70.4 5.71 
* * 
0.539 1.90 1 .. 38 1.00 0.408 3 .. 19 16 .. 0 110 50.8 6.46 
* * 
0.297 * 1.36 * 0 .. 436 0.333 6.04 30.1 16.1 * 
* * * * * * 
0.425 
* 4.25 9.43 5.29 
* * 
---­ * * ---­
0.472 0.577 ---­ 13.7 11.6 
* * * * * * 
0.638 0.673 2.40 10.9 5.94 
* * * * * * * * 
4.26 29.4 14.9 
* * * * * 
1.64 0.401 0.391 8.53 38.3 22.8 8.03 
* * * 1.12 * * * 0.665 13.8 69.3 36.4 
* * * * * * 
0.681 * 5.70 88.6 61.1 
* * 
0.161 * * * 0.595 0.431 11.2 66.6 34.5 * 
* * * * * * * 
0.446 9.62 91.6 47.0 
* 
(continued on next page) 
Table B-3 (cont). 
N1 Ph Se Zn 
F WB L F WE L F WB L F WE L 
* * 0.902 * * * * * * 42.1 115 241 
0.374 0.372 0.470 * * * * * 1.71 28.2 64.1 160 
* 1.36 0.630 * 1.01 0.950 * * * 36.5 99.0 285 
0.476 0.567 0.474 * * * 1.43 1.80 * 42.4 69 .. 8 186 
* * 0.356 * * * * * 1 .. 41 34 .. 9 79 .. 2 185 
* * * * * * * * * 20 .. 3 82 .. 3 213 
0 .. 545 0.410 0.447 * * * * * * 32 .. 6 90.4 966 
* 0 .. 646 0.545 * * * * * 1.38 14 .. 5 59.1 268 
1 .. 29 0 .. 755 * * * * * * * 23.2 82 .. 3 224 
* 1.25 * * * * * * * 16.5 34.2 97.2 
I-" 
I-" 0.486 0.697 1.51 * * 1.45 * * * 15.8 31.3 121 ~ 0.741 0.505 1.54 * * * * * 1.88 15.0 86.3 180 
0.896 0.393 * * * * 1.39 1.44 1.77 21.4 63.1 104 
* * * * * * * * * 23.9 73.3 351 
0.739 0.846 2.96 * * * * * * 30 .. 5 66.4 230 
* * 1.68 * * * * * * 20.0 73 .. 8 322 
0.765 1.01 0.417 * * * * * 1.40 21.8 77.4 263 
* * 1.34 * * * * * * 18.3 66.9 211 
* * 2.25 * * * * * 1.40 17.4 42.5 120 
* * ---­ * * ---­ * * ---­ 18.6 35 .. 7 
* 0.490 3.83 * * * * * 2.08 16.4 43.2 84.4 
0.773 * 3.81 * * * * * * 14.7 65.8 243 
0.455 * 1.97 * * * * * 1.46 18.9 69.5 217 
* * * * * * * * 2.14 24.6 107 566 
0.524 1.02 0.955 * * * * 1.75 3.07 19.4 74.1 217 
0.653 * 1.41 * 1.04 * * * * 25.4 93.9 348 
0.466 * 2.81 * * * * * 2.35 23.3 62.9 192 
a/ Except Hg Wh1Ch 15 reported as ug/kg .. 
*/ Below detect10n 1~1ts. 
----I Sample not available. 
Table B-4. Trace metal concentrations (mg/kg wet weight)a in bluegill sunfish, 
fillet (F), whole body (WB) and liver (L) samples. 
Age Weight SL As Ba 
Site (years) (grams) (mm) F WB L F WB L 
1 1+ 65 113 1.30 
'* 7.31 0.107 3.24 '* 
1+ 60 115 1.30 
'* '* 
0.160 2.90 
'* 
1+ 52 109 
'* 1.28 '* 0.344 2.49 0.345 
2+ 112 137 '* 2.53 '* 0.243 1.82 0.333 
2+ 92 131 
'* * 3.29 0.095 1.24 0.395 
2+ 99 138 
'* 1.92 '* 0.134 1.41 0.143 
3+ 120 147 2.86 2.82 1.46 0 .. 159 1.96 
'* 
3+ 129 147 
* '* '* 0 .. 098 2.29 0 .. 405 
4+ 101 140 
'* '* '* 0 .. 054 1 .. 52 0.132 
7 1+ 47 102 
* '* '* 0.131 2 .. 85 0 .. 357 
1+ 63 113 
* '* '* 0.091 1 .. 46 0.385 
1+ 55 101 '* * 2.69 0 .. 158 2 .. 40 0.192 
2+ 87 129 1 .. 52 1 .. 45 
'* 0 .. 106 2.11 0.159 
2+ 103 138 1.50 
'* '* 0.104 1 .. 29 '* 
2+ 105 134 
'* '* '* 0.127 2.58 0.357 
5+ 132 148 
'* * '* 0 .. 110 1.59 '* 
3+ 119 137 2.41 2.12 3.98 0.087 2 .. 07 0.682 
4+ 144 150 
* '* '* 0 .. 095 2.08 * 
10 1+ 70 114 1 .. 72 2.29 3 .. 96 0.177 1 .. 81 
'* 
1+ 54 104 * '* 2.29 0.276 1.47 '* 
1+ 56 101 
'* '* * 0.160 0.608 0 .. 250 
2+ 119 132 
* 
1.63 
'* 0.053 1 .. 18 0.410 
2+ 112 134 
'* '* '* 0.151 1 .. 72 0 .. 068 
2+ 108 134 '* '* '* 0 .. 063 1 .. 50 '* 
4+ 160 154 
'* '* 1.70 0 .. 100 1.49 0 .. 142 
5+ 142 147 * '* 4 .. 86 0 .. 296 2 .. 09 0 .. 025 
3+ 135 138 
'* '* '* 0.098 0 .. 643 0.156 
(continued on next page) 
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Table B-4 (cont). 
Cd Cr Cu Hg 
F WB L F WE L F WE L F WE 
* * 0.577 1.07 1.68 4.04 0.428 * 0.769 30.9 23.7 
* * * * * 1.76 0.479 * 2.35 13.5 15.0 
* * * 1.72 1.73 2.93 0.503 0.402 2.07 15.8 10.3 
* * * 1.31 2.29 1.17 0.340 1.77 1.08 27.9 22.5 
0.119 * 0.395 1.21 1.46 * 0.690 1.16 1.18 29.9 31.6 
* 0.177 0.429 * * 1.43 1.16 0.379 1.71 14.8 15.9 
* * 0.154 * * * * * 1.23 19.4 15.4 
* * 0.270 * * 2.57 0.439 0.427 2.16 36.1 28.2 
..... 
..... 
0" 
* * 0.132 * 0.989 4.87 0.489 * 1.32 40.0 33.7 
* * * * 1.77 14.3 0.576 1.91 4.29 20.4 18.7 
* * * 2.21 2.29 10.0 * 2.04 * 24.9 21.4 
* * 0.385 * 1.38 1.35 0.632 1.33 1.92 21.2 20.1 
* * * * 1.60 4.29 0.505 1.81 1.19 31.8 29.2 
1.30 1.27 0.588 1.14 * 2.94 * 3.27 * 46.2 42.7 
* * 
0.714 * * * * 2.03 1.25 16.4 17.0 
* * 0.500 1.10 * * * 6.21 0.500 71.0 60.4 
0.128 * 0.114 1.08 1.39 2.95 0.452 2.85 0.795 33.5 28.5 
* * 0.254 0.995 * 1.61 0.427 2.33 1.61 38.7 48.7 
* * * 1.46 1.62 2.19 1.04 1.60 1.15 26.2 23.5 
* * * 1.66 2.25 7.08 0.552 2.58 1.67 19.7 14.3 
* * 0.125 2.67 1.35 6.13 0.455 3.79 0.750 20.3 18.5 
* * * 2.00 1.43 3.36 * 1.78 0.820 37.1 26.3 
* * * * 1.38 1.44 0.603 3.45 1.71 47.9 31.6 
* * 0.244 1.10 1.00 * 0.564 1.74 2.93 26.1 26.5 
* * 0.142 1.55 1.12 3.54 0.925 1.91 1.89 62.9 49.0 
* * 0.137 1.60 2.61 2.60 0.369 2.14 1.37 55.3 47.3 
* * * * * * * 1.31 0.781 39.8 35.5 
(cont1nued on next page) 
Table B-4 (cont). 
F 
Ni 
WB L F 
Ph 
WB L F 
Se 
WE L F 
Zn 
WE L 
..... 
..... 
...... 
0.508 
* 
0.661 
* 
0.753 
* 
* 
1.20 
0 .. 598 
0.393 
* 
1.03 
0.346 
* 
* 
* 
1.16 
0.450 
1.62 
1.41 
0.749 
0.632 
1.21 
1.21 
0.600 
* 
* 
* 
* 
0.402 
1.69 
1.54 
* 
0.493 
* 
0.615 
0.552 
* 
* 
0.697 
0.442 
* 
* 
* 
* 
0.810 
1.28 
3.20 
0.725 
1 .. 63 
0.643 
* 
* 
0.952 
* 
* 
3.45 
* 
* 
* 
0.538 
3.38 
* 
5.71 
* 
1.92 
1.35 
* 
* 
* 
1.59 
0.593 
2.71 
0.833 
0.750 
* 
1 .. 51 
1.59 
* 
0.548 
0.859 
* 
* 
* 
* 
* 
0.941 
* 
1.41 
* 
* 
* 
* 
* 
1.32 
0.939 
1.27 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
1.33 
* 
* 
0.985 
* 
* 
* 
* 
* 
1.30 
* 
1.32 
1.24 
1.85 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
2 .. 65 
* 
1.33 
1.32 
1..14 
* 
2.70 
* 
2.86 
1.92 
3.08 
* 
* 
1.79 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
2.04 
1.94 
* 
* 
2.61 
* 
1.77 
* 
* 
1.68 
* 
1.79 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
1.48 
* 
* 
* 
2.59 
* 
* 
* 
2.86 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
1.77 
* 
* 
* 
2.24 
3.58 
* 
* 
2.54 
1.76 
* 
6.43 
* 
2.50 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
2.3 
2.95 
* 
9.20 
11.8 
12.5 
10.9 
10 .. 8 
11.1 
11.9 
16.5 
16.1 
10.8 
21.2 
11.4 
11.0 
11.3 
16.8 
17.5 
18.1 
13.6 
10.3 
9.86 
15.0 
18.6 
11.6 
11.3 
1.20 
12.4 
16.2 
29 .. 6 
28.7 
33.9 
21.5 
20.5 
23.7 
32.2 
31.9 
21 .. 1 
24.6 
20 .. 0 
20.8 
19.9 
21.3 
25 .. 9 
24 .. 2 
25 .. 0 
29.6 
20 .. 3 
21.9 
28.5 
27.2 
27.4 
22.6 
17.7 
29.2 
21.0 
12.1 
17.6 
34.1 
21.8 
18.8 
14.7 
20.3 
38.0 
14.3 
41.1 
25.4 
22.5 
14.2 
17.6 
37.3 
20.1 
33.6 
19.0 
15.7 
14 .. 8 
14 .. 9 
25 .. 7 
19.7 
25.4 
19.5 
22.4 
22.1 
a/ Except Hg wh~ch ~s reported as ug/kg. 
*/ Below detection limits. 
Table B-5. Trace metal concentrations (mg/kg wet weight)a in white crappie, 
fillet (F), whole body (WB), and liver (L) samples. 
Age Weight SL As Ba 
Site (years) (grams) (rom) F WB L F WB L 
1 1+ 135 173 * * * 0.067 0.404 0.077 
1+ 120 168 * * * 0.102 1.82 * 
1+ 118 166 * * * * 0.777 0.055 
3+ 179 194 * * 5.53 * 0.936 * 
2+ 180 188 1.70 1.88 6.35 0.064 1.57 * 
3+ 162 187 * * * * 0.971 * 
9+ 426 248 * * * * 0.942 0.047 
7+ 235 202 1.72 1.30 1.32 * 0.652 * 
*+ 229 198 * * * * 1.23 * 
7 1+ 136 177 * * * 1.42 0.619 * 
1+ 121 164 * * * 0.095 0.463 0.179 
1+ 145 175 * * * 0.061 0.427 * 
3+ 237 216 * * 0.149 0.513 
3+ 185 199 * * * 0.093 0.455 * 
2+ 221 205 * 1.67 0.097 0.721 
8+ 283 219 * 2.79 4.34 0.117 0.964 0.164 
8+ 228 213 * * 2.94 0.051 0.914 0.063 
7+ 231 193 * * 1.60 0.075 0.647 0.064 
10 1+ 217 202 * * * * 0.448 * 
1+ 182 182 * * * 0.060 0.335 0.205 
1+ 195 182 * * * 0.050 1.15 * 
3+ 320 210 * * * * 0.505 * 
3+ 295 208 * * * 0.049 0.670 0.059 
2+ 278 209 * * * 0.049 0.513 * 
8+ 340 228 * * * * 0 .. 760 0.051 
6+ 202 198 * * * * 0.714 * 
4+ 384 232 * * * * 0.409 * 
(continued on next page) 
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Table B-5(cont) .. 
Cd Cr CU Hg 
F WE L F WE L F WE L F WE 
* * * 
2.07 1.39 4 .. 74 0.924 0.985 0.897 27 .. 1 20.5 
* * * * * 
2.95 0 .. 355 1.31 0.905 24.9 17.7 
* * 
0.126 1 .. 19 1.41 3.03 0.508 1.53 0 .. 882 19.1 14.9 
* * * 
1.36 1.18 1.89 1.53 2.27 1.14 34.1 35.3 
* * 
0.163 * * * * 1.10 1.62 33.0 22.3 
* * * 
1.61 * 2.46 * 1.50 0.667 48.3 37.1 
* * 0.170 2.16 1.81 2.65 2.70 1.96 1.67 85.3 52.3 
* * * 
1.69 1.28 2.36 0.398 0.942 1.32 47.9 27.3 
* * * 1.67 2.11 3.61 * 0.930 2.74 48.8 37.9 
* * * 1.21 1.29 1.37 * 0.644 0.565 20.8 18.1 
l-' 
* * * * * * * 
1.62 0.804 18.1 13.0 
i-' 
\0 
* * * * 
1 .. 48 2.20 * 0.905 1.30 24.2 22.2 
* * 
---­ 1.92 2.15 ---­ 0.522 0.385 ---­ 26.2 19.9 
* * * 1.52 1.67 3.97 * 2.30 4.52 30.0 25.1 
0.124 0.121 ---­ 1 .. 21 1.88 ---­ 0.338 0.419 ---­ 23.3 14.9 
* * 
0.205 1.38 1.62 1.23 1.57 0.863 1 .. 39 49.3 35.9 
* * 
0.125 * 2.18 2.50 * 3.40 2.25 48.1 33.9 
* * * 
1.38 1.49 * * 1.39 1.09 25.9 20.7 
* * * * * * 0.391 1.79 0.648 20.9 14 .. 2 
* * * * * * * 
1.21 1.78 16.7 14.5 
* * * 1.09 * 1.51 * 2.55 1.09 18.0 15.7 
* * * * * 1.60 0.357 1.06 0.806 35.6 25.8 
* * * 1.23 * 1.81 * 1.24 1.10 26.7 23.3 
* * 0.238 * 0.974 * 0.343 0.359 1.90 21.7 15.7 
* * 0.160 * 1.36 2.16 * * 1.12 98.1 58.2 
* * * * 
0.985 1.83 * 2.24 2.50 27.5 21.4 
* * * * * * * * 0.662 31.1 24.4 
(continued on next page) 
Table B-5 (cant). 
Ni Pb Se Zn 
F WB L F WE L F WE L F WE L 
0.544 0.391 0.897 * * '* '* 1.72 4.55 9.43 14.9 14.1 
* '* '* '* * * * 
1.46 '* 7.69 23.3 12.0 
1.04 0.413 0.466 * * * * * * 22.7 26.2 12.8 
* '* 0.606 * * * * * * 9.75 19.4 19.1 
0.593 0.393 0.676 * * * * * * 7.16 23.8 20.1 
0.383 0.752 0.750 * * * * * * 11.0 23.5 8.96 
1.62 0.918 1.36 * * 1.02 * * * 10.5 21.9 17.6 
* * * * * * * * 2.83 8.61 20.7 15.5 
* * 0 .. 481 * * * * * 2.12 10.1 27.6 17.9 
...... 
N * * * * * * * '* '* 7.11 18.1 12.8 0 
* * * * '* * * * * 
9.48 14.7 18.7 
0.688 0.704 2.00 * '* * * * * 7.00 17.3 15.8 
* * ---­ * * ---­ * '* 
---­ 7.54 13.5 * 
0.435 * 1.39 * '* * * * * 11.3 19 .. 8 43.8 
0.424 
'* 
---­
* '* 
---­ * 1.65 ---­ 7.95 18.1 * 
0.467 0.508 0.574 * * * 1.36 * 2.26 10.1 21.5 16.0 
* * * * * * * * 1.38 10.2 22.9 22.9 
* * * * * * * * * 6.50 22.5 21.7 
* 0 .. 572 * * * * * 1.62 * 11.4 17.2 10.3 
* * * * * * * 1.42 3.01 6.92 15.5 19.1 
* * * * * * * * * 10.0 23.5 17.5 
1.64 0.512 * * * * * * 2 .. 63 10.1 19.3 16.0 
0.466 * * * * * * * * 7.89 18.6 20.4 
* 0.590 * * * * * '* * 7.60 16.9 14.3 
0.351 0.438 * * * * * * * 9.76 22.5 17.2 
0.457 0.419 0.500 * * * * * '* 9.93 25.5 25.2 
'* * '* * '* * '* * '* 6.61 17.9 12.6 
a/ Except Hg wh~ch ~s reported as ug/kg. 
*/ Below detect~an lim~ts. 
Table B-6. Trace metal concentrations (mg/kg wet weight)a in 
gizzard shad, fillet (F), whole body (WB), and liver (L) 
samples. 
Age Weight SL As Ba 
Site (years) (grams) mm F WB F WE 
1 1+ 24 106 * * 0.455 2.76 
1+ 25 109 * * 0.263 2.34 
1+ 25 117 * * 0.424 2.11 
3+ 84 169 * * 0.567 1.85 
3+ 80 162 * * 0.524 1.83 
2+ 52 142 * * 0.591 2.74 
6+ 159 193 * * 0.388 1.68 
5+ 164 196 * * 0.495 2.68 
6+ 152 196 * * 0.366 2.80 
7 1+ 30 116 1.55 * 0.400 1.51 
1+ 32 120 * * 0.243 2.37 
1+ 32 119 * * 0.337 2.01 
3+ 93 158 * * 0.529 3.02 
2+ 54 144 1.39 
* 0.316 35.5 
3+ 75 133 * * 0.536 3.75 
5+ 112 184 * * 0.676 3.28 
6+ 97 173 * * 0.742 4.36 
8+ 264 234 * 1.33 0.317 1.45 
10 1+ 32 115 * * 0.433 2.61 
1+ 32 115 * * 0.240 2.48 
1+ 31 114 * * 0.275 2.47 
2+ 40 132 * * 0.638 4.38 
3+ 54 151 * * 0.649 3.57 
3+ 59 154 * * 0.353 1.92 
4+ 116 184 * * 0.432 1.50 
4+ 119 189 * * 0.362 2.22 
4+ 92 178 * * 0.412 1.89 
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Table B-6 (cont). 
Cd Cr Cu Hg 
F WB F WB F WB F WB 
* * 
2.79 1.55 0.844 0.368 22.4 16.1 
* * * * 
0.658 0.968 21.0 8.18 
* * * * 0.678 0.564 16.5 13.3 
* * 1.47 1.03 1.55 2.58 15.9 17.0 
* * 1.44 1.62 2.04 1.90 13.6 14.4 
* * 1.56 1.66 0.699 2.57 18.7 15.1 
* * 
1.24 2.04 0.898 2.11 17.9 15.5 
* * 
1.13 1.45 0.943 2.68 14.2 12.2 
* * 1.54 1.53 0.561 1.51 16.4 18.7 
0.125 * 2.85 1.85 * 0.323 17.4 11.6 
* * 3.74 1.74 0.388 * 14.6 8.42 
* * 2.26 * 1.63 0.809 41.2 13.9 
* * 1.02 1.52 0.573 0.761 17.1 12.2 
0.132 0.597 1.71 1.34 0.658 0.423 14.2 14.6 
* * 
1.76 1.62 1.05 1.09 20.3 17.8 
* * 1.76 * * 3.25 16.2 12.9 
* * * 1.14 0.330 0.571 14.9 15.5 
* * 2.14 1.26 0.926 1.95 13.3 12.2 
* * 2.11 1.12 0.577 0.398 5.59 14.6 
0.240 * 1.92 1.78 1.15 2.52 16.7 * 
0.163 * 1.19 1.06 0.734 3.48 * * 
* * * * 1.01 3.92 21.0 * 
* * * * 1.73 3.74 * * 
* * 1.98 1.68 * 2.82 6.00 * 
* * 1.54 1.59 * 1.69 8.43 11.0 
* * 1.33 1.39 * 1.63 18.2 17.5 
* * 1.21 1.46 * 1.26 18.8 8.82 
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Table B-6 (cont). 
Ni Ph Se Zn
 
F WB F WE F WE F WB
 
1.36 0.526 25.3 23 .. 6* * * * 
0.412 0.376 12.3 20.5* * * * 
16.0 24.6* * * * * * 
3.81 0.625 2.03 10.8 12.0* * * 
0.445 9.14 16 .. 9* * * * * 
0.833 0.817 1.06 9.73 19.1* * * 
0 .. 879 1.37 10.1 13.6* * * * 
7.26 13.3* * * * * * 
9.88 15.0* * * * * * 
18 .. 4 21.7* * * * * * 
11.3 23.5* * * * * * 
1.15 12.9 22.8* * * * * 
0.736 1.60 11.2 22.4* * * * 
2.66 2.16 1.89 11.2 21.0* * * 
1.81 8 .. 83 28.3* * * * * 
1.84 2.19 8.56 15.4* * * * 
1.59 1.37 9.78 16.1* * * * 
0.450 6.69 12.0* * * * * 
0.538 0.846 1.14 11.2 15 .. 5* * * 
1.35 0.891 2.58 13.2 21.7* * * 
0.872 0.798 0.931 3.72 15.8 31.8* * 
12.9 21.4* * * * * * 
0.412 10.4 16.8* * * * * 
0.553 1.60 11.3 19.4* * * * 
0.490 8.27 12.9* * * * * 
6.28 21.1* * * * * * 
8.97 15.6* * * * * * 
a/ Excluding Hg which is reported as ug/kg. 
*/ Below detection limits. 
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Table B-7. Detectable 
limits of trace metal 
analysis on fish samples. 
Detection limit 
aElement (mg/kg) 
As 1.26 
Ba 0.045 
Cd 0.110 
Cr 0.970 
eu 0.320 
Hg 5.00 
Ni 0.345 
Pb 0.890 
Se 1.34 
Zn 0.490 
a/	 Hg is reported as 
ug/kg. 
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APPENDIX C
 
Total Lipid Content in Fishes from
 
Crab Orchard Lake
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Table C-1. Total lipid content (in percent) in 
largemouth bass. 
Age Weight Tissue 
site (years) (grams) Fillet Whole body 
1 1+ 360 2.03 4.72 
1+ 416 1.48 4.37 
2+ 420 1.79 3.75 
3+ 1085 1.97 3.75 
4+ 1166 2.14 5.35 
4+ 1028 2.96 5.06 
7+ 2224 2.55 4.67 
7+ 2340 5.11 8.61 
8+ 2747 1.49 4.46 
7 1+ 300 2.18 5.30 
2+ 444 2.27 2.84 
2+ 467 1.95 5.05 
3+ 1084 3.03 5 .. 69 
4+ 1650 4 .. 70 4.95 
4+ 1611 2 .. 35 4.06 
6+ 2367 3.29 5.52 
7+ 2571 4.22 7.62 
10+ 2867 3.00 5.89 
10 1+ 303 2.64 4.54 
2+ 440 2.04 4 .. 44 
2+ 469 2.50 4.38 
3+ 1022 2.94 6.14 
4+ 834 5.52 5.78 
4+ 1722 4.92 6.59 
7+ 1959 3.62 6.96 
7+ 1897 2.30 4.09 
8+ 1449 4.32 6 .. 52 
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Table C-2. Total lipid content (in percent) in 
common carp. 
Age Weight Tissue 
site (years) (grams) Fillet Whole body 
1 7+ 826 3.97 8.27
 
6+ 1144 6.06 6.68
 
7+ 1122 3.76 8.48
 
9+ 950 7.22 12.66
 
8+ 994 3.62 7.73
 
8+ 2006 6.58 8.24
 
15+ 1889 7.02 9.10
 
14+ 4423 1.75 3.08
 
19+ 3317 1.41 2.22
 
7 1+ 190 1.84 2.60 
2+ 174 2.54 4.96 
3+ 352 1.88 4.78 
6+ 830 1.28 5.26 
6+ 937 5.07 9.60 
7+ 1121 4.28 5.24 
16+ 3629 1.93 3.94 
18+ 2098 0.24 3.89 
16+ 2608 2.10 3.89 
10 0+ 77 1.06 1.00 
1+ 124 0.22 0.90 
2+ 178 3.04 1.24 
7+ 818 2.09 6.82 
9+ 952 0.73 7.44 
8+ 1027 1.16 2.18 
9+ 862 2.18 8.60 
10+ 1265 5.70 9.45 
10+ 1753 1.77 3.48 
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Table C-3. Total lipid content (in percent) in 
bluegill sunfish. 
Age Weight Tissue 
Site (years) (grams) Fillet Whole body 
1 1 65 2.04 3.94 
1 60 2.22 5.65 
1 52 2.32 6.15 
2 112 3.17 3.43 
2 92 3.18 6.10 
2 99 2.07 2.73 
3 120 1.62 2.46 
3 129 2.28 4.03 
4 101 2.44 3.29 
7 1 47 1.84 6.31 
1 63 5.56 9.82 
1 55 1.32 2.72 
2 87 2.55 4.79 
2 103 2.73 4.73 
2 105 2.55 6.18 
;3 119 2.41 5.78 
4 144 2.98 3.97 
5 132 2.37 4.78 
10 1 70 2.63 5.61 
1 54 1.40 4.74 
1 56 4.71 4.74 
2 119 3.00 6.28 
2 112 1.99 3.09 
2 108 2.61 5.47 
3 135 2.53 5.64 
4 160 1.73 5.06 
5 142 1.90 2.93 
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Table C-4. Total lipid content (in percent) in 
white crappie. 
Age Weight Tissue 
site (years) (grams) Fillet Whole body 
1 1+ 135 2.47 2.74 
1+ 120 1.23 3.03 
1+ 118 1.94 3.50 
2+ 180 1.54 4.70 
3+ 179 2.24 2.72 
3+ 162 1.91 1.69 
7+ 235 1.62 3.48 
8+ 229 3.51 6.40 
9+ 426 3.44 6.45 
7 1+ 136 1.16 3.25 
1+ 121 1.78 3.04 
1+ 145 2.00 4.33 
2+ 221 1.38 3.67 
3+ 237 1.23 5.16 
3+ 185 3.51 5.24 
7+ 231 2.64 3.86 
8+ 283 1.18 2.64 
8+ 228 1.20 2.90 
10 1+ 217 1.82 4.26 
1+ 182 1.77 4.76 
1+ 195 1.28 3.80 
2+ 278 2.10 8.26 
3+ 320 1.60 4.25 
3+ 295 2.28 5.12 
4+ 384 1.68 3.75 
6+ 202 1.52 4.53 
8+ 340 0.74 4.17 
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Table C-5. Total lipid content (in percent) in 
gizzard shad. 
Age Weight Tissue 
site (years) (grams) Fillet Whole body 
1 1+ 24 2.92 3.96 
1+ 25 2.89 6.17 
1+ 25 1.33 1.76 
2+ 52 3.02 6.88 
3+ 84 2.88 7.15 
3+ 80 2.67 4.23 
5+ 164 2.80 5.10 
6+ 159 2.96 4.96 
6+ 152 2.03 4.34 
7 1+ 30 2.71 6.11 
1+ 32 2.87 5.17 
1+ 32 2.67 6.33 
2+ 54 3.19 6.06 
3+ 93 3.15 6.45 
3+ 75 4.42 6.65 
5+ 112 1.00 1.36 
6+ 97 1.56 2.50 
8+ 264 5.06 6.91 
10 1+ 32 4.50 13.01 
1+ 32 2.29 2.16 
1+ 31 8.45 7.72 
2+ 40 3.80 10.38 
3+ 64 2.77 5.80 
3+ 64 2.77 5.80 
3+ 59 1.96 3.70 
4+ 116 2.18 5.56 
4+ 119 1.40 3.68 
4+ 92 2.62 4.15 
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